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ABSTRACT 
The thesis entitled "Phytochemical and Pharmacological 
Investigations of Indian Medicinal Plants" constitutes 4 
chapters dealing with the preliminary screening of crude 
extracts of Indian Medicinal Plants and isolation of their 
phytoconstituents and their antifilarial activity. 
In India about 300 million populations are exposed to the 
risk of filariasis, a disease prevalent in many tropical and 
subtropical countries. Although the disease is not fatal, yet it can 
cause disability, and social stigma is attached to the disease. The 
increasing industrialization and consequent migration of people 
from one place to another has contributed to the spread of 
disease to areas where it did not exist earlier. Filariasis is thus a 
disease of National importance. In search of potential antifilarial 
herbs, the alcohol and aqueous extracts of samples from nine 
Indian medicinal plants were subjected to antifilarial screening. 
The chapter 1 includes study of antifilarial activity of 
Azadirachta indica, Pluchea lanceolata, Ixora coccinea, Ficus 
racemosa, Withania somnifera, Soliva anthemifolia, Gmelina 
phillipinensis, Trifolium alexandrinum and Lindenbergia indica. 
The alcohol and aqueous extracts of A. indica, P. lanceolata, I. 
coccinea, F. racemosa, W. somnifera, S. anthemifolia, G. 
phillipinensis, L. indica and T. alexandrinum were tested for 
their antifilarial activity using Setaha cervi as a test organism 
and a concentration related inhibition of spontaneous 
movements of the whole worm, nerve muscle (n.m.) preparation 
and concentration related inhibition of motility of microfilariae, 
leading to irreversible paralysis and death have been discussed. 
The concentration of alcohol extract of the flowers of ^. indica 
required to inhibit the movements of whole worm was 150 
Hg/ml and that of aqueous extract 250 jig/ml. The concentration 
of aqueous extract of the flowers required to produce complete 
paralysis of the nerve muscle (n.m.) preparation was 50 pg/ml 
and that of alcohol extract only 25 |ig/ml was required. Both 
alcohol and aqueous extracts of flowers of A. indica caused 
concentration related effect on the survival of microfilariae of S. 
cervi in vitro. The concentration of alcohol and aqueous extract 
of the flowers that was required for killing 50 larvae were 19.5 
and 33.5, respectively. Similarly, leaves and stem of P. 
lanceolata (alcohol and aqueous extracts), flowers of/, coccinea 
(alcohol and aqueous extracts), fruits of F. racemosa (alcohol 
and aqueous extracts), leaves of W. somnifera (alcohol and 
aqueous extracts), aerial parts of S. anthemifolia (alcohol and 
aqueous extracts), flowers of G. phillipinensis (alcohol and 
aqueous extracts), leaves of L. indica (alcohol and aqueous 
extracts) and leaves of T. alexandrinum (alcohol and aqueous 
extracts) also produced paralysis of whole worm and n.m. 
preparation of S. cervi and caused concentration related 
inhibition of motility of microfilariae leading to irreversible 
paralysis and death. 
In chapter 2 the isolation and characterization of 
constituents of the leaves oi Lindenbergia indica and antifilarial 
activity of phytoconstituents and crude fractions obtained on 
solvent fractionation have been discussed. Alcohol extract on 
solvent fractionation followed by column chromatography, 
preparative thin layer chromatography and crystallization 
afforded four chromatographically homogenous compounds 
labelled as LIV-1, LIV-2, LIV-3 and LIV-4. The constituents 
were characterized by their chemical and spectral data and their 
direct comparision with an authentic sample as apigenin (LIV-
1), luteolin (LIV-2), sitosterol-P-D-glucoside (LIV-3) and a 
monosaccharide (LIV-4). The phytoconstituents (LIV-1, LIV-2, 
LIV-3 and LIV-4), fraction LIV-5 and crude fractions (petrol, 
chloroform, ethylacetate, acetone and methanol) showed a 
concentration related inhibition of spontaneous movements of 
the whole worm, nerve muscle (n.m.) preparation and 
concentration related inhibition of motility of microfilariae, 
leading to irreversible paralysis and death. 
Chapter 3 deals with the antifilarial activity of various 
crude fractions of leaves of Trifolium alexandrinum obtained 
from alcohol extract on solvent fractionation. The crude 
fractions (petrol, ethylacetate, acetone and methanol) were 
tested for their antifilarial activity using Setaria cervi as a test 
organism and a concentration related inhibition of spontaneous 
movements of the whole worm, nerve muscle (n.m.) preparation 
and concentration related inhibition of motility of microfilariae, 
leading to irreversible paralysis and death have been discussed. 
Chapter 4 describes the screening of antimicrobial 
activity of five Indian medicinal plants against some common 
microbes. Substances derived from medicinal plants are 
virtually the only source of chemotherapeutic agents. A number 
of substances derived from medicinal plants are still in use today 
along with a number of herbal medications. Crude extracts of 
several plants are used as antimicrobial agents. In the present 
study the antibacterial and antifungal activity of Azadirachta 
indica, Soliva anthemifolia, Trifolium alexandrinum, 
Lindenbergia indica and Thuja orientalis were investigated 
against Staphylococcus aureus, Escherichia coli, Candida 
albicans and Aspergillus niger, respectively. The screening of 
crude extracts (alcohol and aqueous) of A. indica, S. 
anthemifolia, T. alexandrinum, L. indica and T. orientalis at 
different concentrations of 100, 200 and 500 ^ig/disc, 
respectively have been discussed. The observations indicate that 
the crude extracts (alcohol and aqueous) did not show any 
activity against all the tested bacteria and fungi. There was no 
inhibitory activity against any microorganisms. 
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Anufiariai Screening of Indian 
Mehicinai Plants against 
Setark cerui 
INTRODUCTION 
Filariasis is prevalent in many tropical and subtropical countries. In 
India, about 300 million population is exposed to the risk of filariasis. 
Although the disease is not fatal, yet it can cause disability, and social 
stigma is attached to the disease. The increasing industrialization and 
consequent migration of people from one place to another has contributed 
to the spread of disease to areas where it did not exist earlier. Filariasis is 
thus a disease of National importance. 
Filarial nematodes are arthropod borne parasites, which often cause 
serious diseases in man and animals. The order "filariae" contains four 
families: Filaridea, Stephanofilaridea, Depetalonematidae and 
Setariodiae. The adult filariae of both sex, inhibit either the lymphatics, 
the subcutaneous tissues or mesentery of man. They produce large 
number of embryos or microfilariae (mf), which find their way into the 
blood stream where they may live for a considerable time without 
developing further. Their life cycle is continued when the microfilariae 
are sucked into the stomach of certain blood sucking flies or mosquitoes, 
and completed when they return after further development to the tissues 
of man during subsequent bites of the insect. 
The .lymphatic filariasis is commonly produced by Wiichereria 
bancrofti and Brugia malayi. Loa loa causes loaisis. Onchocerca volvulus 
produce onchocerciasis which causes river blindness and severe filarial 
infection (Table. I). Bancroftian filariasis is found throughout the tropical 
world, while onchocerciasis is limited to Africa, Central and South 
America'. The third serious pathogen of man is B. malayi and its 
distribution is limited to Asia. In India two types of filarial infections, viz. 
W. bancrofti and B. malayi occur. Bancroftian filariasis is widely 
distributed and is responsible for 98 % of infections. Brugian filariasis 
has a localized and restricted distribution. 
Table. I. Human filarial infections 
Organism 
Wuchereria bancrofti 
Brugia malayi 
Brugia timori 
Onchocerca volvulus 
Loa loa 
Dipetalonema perstans 
Dipetalonema 
streptocerca 
Mansonella ozzardi 
Vectors 
Mosquito (Culex) 
Mosquito (Mansonia) 
Mosquito (Anopheles) 
Simulum flies 
Chrysopus flies 
Culicoides 
Culicoides 
Culicoides 
Diseases 
Lymphatic filariasis 
Lymphatic filariasis 
Lymphatic filariasis 
Subcutaneous nodules 
and river blindness 
Subcutaneous nodules 
Rarely any clinical 
illness 
Species of Filarial Worms 
Wuchereria bancrofti, Brugia malayi. Onchocerca volvulus, 
Dipetalonema perstans, D. streptocerca, Loa loa and Monsonella ozzardi 
are responsible for producing disease in man. The causative organisms of 
human filariasis in India are Wuchereria bancrofti and Brugia malayi. In 
animals, the disease is caused by Setaria cervi (cattle). Dirofilaria immitis 
(dog). D. uniformis (rabbit), Litomosoides carinii (cotton rat) and 
Chanderella hawkingi (Jungle cow)'. 
Mosquito Culex quinquefasciatus and Mansonia species, being the 
vectors for W. bancrofti and B. malayi, respectively, transmit filarial 
parasites. When a mosquito bites the filarial infected host, it sucks in, 
along with the blood meal, microfilariae (mf), which are transformed in 
the intermediate host mosquito, into infective lar\'ae, which in turn are 
introduced into adult worms in 9 to 12 months. The female worm then 
produces mf which is ingested by fresh mosquitoes, and the cycle 
continues. In some individuals, the parasites live in harmony with the 
host without producing clinical symptoms, while in other they may cause 
acute manifestations, such as filarial fever, lymphadanitis, lymphangitis, 
epididymo - orchitis or chronic irreversible conditions like elephantiasis. 
Need For Screening 
The only anthelmintic, which has been used to treat B. malayi in 
man, is diethylcarbamazine (DEC). DEC must be given as a long course 
of treatment and experience obtained in the South Pacific in attempts to 
eliminate W. bancrofti by mass chemotherapy indicates that large number 
of people faiJ to complete the course. The more complicated the ireaimeni 
and worse the adverse side effects, the greater the drop out rate. DEC 
produces much more side effects in the treatment of B. malayi than it 
does in W. bancrofti infection . DEC is far from ideal and a new drug is 
needed. 
If the drug, which replaced, DEC were only microfilaricidal, most 
of the side effects seen after treatment of brugian filariasis with DEC 
would be avoided. Ivermectin a semi synthetic macrocyclic lactone 
derived from actinomycetes. Slreptomyces avermectis found to be highly 
effective against O. volvulus is better tolerated safer and effective 
microfilaricidal agent than DEC. 
Suramin, which kills adult \\orms and microfilariae, is used in the 
treatment of onchocerciasis but it is generally considered to be too toxic 
for use in the treatment of brugian filariasis. Besides this, a number of 
other drugs kill adult B. pahangi in experimental systems but most of 
these are too toxic to be used in human patients. 
Very few pharmaceutical companies are conducting research on 
chemotherapy of fiiariasis and obtaining compounds for evaluation in 
experimental filarial screens has been difficult. Experimental drugs are 
usually available in very small quantities while most tests for filaricidal 
activity are prodigal in their use of compound. This problem can be 
overcome by limiting filarial screens, which require minimal amount of 
drug. 
Screening Methods Available For Fiiariasis 
't> 
The methods available for the screening of antifilarial agents are 
time consuming and inconvenient since an intermediate arthropod vector 
is required to transmit the infective larvae to the experimental hosts. Even 
then there is long incubation period before microfilariae appear in the 
blood. It is eight month for Dirofilaria immitis . 
1. /// vitro screening 
't> 
Three stages of the life cycle of Litomosoides carinii have been 
used for an in vitro screen^ 
(a) Adult male and female worms are recovered from the pleural 
cavity of jirds. After washing, for control cultures, worms are transferred 
individually to sterile, clear polythene tubes containing 1 ml of Medium 
199 plus 10% horse serum. For test purpose worms are placed in various 
concentrations of the compounds under investigation. The tubes are 
sealed, maintained at 37°C and observed at frequent intervals using an 
inverted microscope. 
(b) Third stage infective larvae obtained from Aedes aegypti are 
washed several times in Medium 199 plus antibiotics, placed in each well 
of microtitre tray containing culture medium or test compounds in various 
concentrations. The trays are covered to prevent evaporation and the 
cultures maintained and observed in the same way as those of adult 
worms. 
(c) Microfilariae are vv'ashed from the blood circulation of jirds 
incubated by this route. A drop of concentrated microfilarial suspension 
is placed in each well of microtitre tray and culture medium or various 
concentration of test compound added. The cultures are maintained and 
observed as above. 
The worms survive remarkably well considering the simple media 
being used. Long term observations on worms in test compound cultures 
are not necessary. Control cultures of adult and third stage worms in 
polythene tubes are viable for at least a week. These techniques were 
used to study lavamisole, also a group of compounds of known filaricidal 
activity in animals or man in a group of nematodiciddl compounds in 
vitro systems apart from DEC and Suramin. 
Thus the value of in vitro tests is limited to: 
(i) Elucidation of the mode of action of compounds known to be 
active in vivo. 
(ii) Comparision of many compounds of the same chemical type. 
2. In vivo screening (Table. II) 
Whatever in vitro screens are used, active compounds must be 
tested in animal models. 
Table .II. Methods for antifilarial screening 
Species of Filaria 
Litomosoides 
carinu 
Dirofilaria immites 
Dirofilaria repen 
Briigia malayi 
Brugia pahangi 
Dipetalonema 
9 
viteae 
Chandlerella 
hawkingi 
Setaria cervi 
Experimental 
hosts 
Cotton rat, Jird 
Dog 
Dog 
Cat, Dog 
Cat, Dog 
Jird 
Indian jungle 
crow 
Rat, Dog 
Intermediate 
hosts 
Tropical mite 
Mosquito 
Mosquito 
Mosquito 
Mosquito 
Tick 
Incubation 
period 
50 
180-240 
160 
59-83 
42-65 
7-13 
Remarks 
Suramine 
ineffective, 
Cynine dyes 
effective 
DEC ineffective, 
Dithiazanine 
effective 
No effect on Mf 
Effect only on 
adult worms 
DEC ineffective. 
No. of Mf low 
and inconsistent 
Only arsenicals 
effective against 
adult worms. No 
effect on Mf 
Short incubation 
period. No 
intermediate host 
responds to DEC 
and arsenicals 
Filarial infections are closely specific in these hosts and human 
infections (with partial exception of Brugia species) cannot be transferred 
to laboratory animals. 
(a) Litomosoides carinil 
To date systematic screening tests have been done almost entirely 
on Litomosoides in cotton rats . This infection was used for 
chemotherapeutic tests and further exploited which led to discovery of 
diethylcarbamazine (Hetrazan). Cotton rats infected with Litomosoides 
provide a practical standardizable test giving an indication of the in vivo 
action of compound against the filarial worm Litomosoides. How far 
Litomosoides is a true indication of the chemotherapeutic responses of the 
human worms, Wuchereria, Loa loa and Onchocerca is a matter of 
question. Litomosoides respond well to cyanine, while Wuchereria does 
not; Litomosoides does not react to Suramin which has a valuable 
filaricidal action on Onchocerca. Any way, this lest is much reliable 
practical procedure available to date. 
(b) Dipetalonema viteae 
Jirds infections with D. viteae has also been suggested for 
screening possible antifilarial compounds but this infection is less 
suitable than Litomosoides because (a) Jirds are less easy to breed and the 
infection is less easy to transmit; (b) the adult v/orms which are under the 
skin are less easy to remove; (c) the action of drugs upon the 
microfilariae is difficult to interpret since the number of microfilariae in 
the blood is low and inconstitent; (d) the chemotherapeutic 
correspondence to human infections in less close than with Litomosoides. 
(c) Brugia pahangi 
It was found that DEC killed adult worms but not microfilariae of 
B. pahangi^ and B. malayf in cats. Levamisole is a very good 
microfilaricide against Brugia in cats and this seems to have action on 
B. malayi in man. 
Setaria cervi (Use in screening) 
S. cervi (Nematode - Filarioidea) is a cosmopolitan parasite of 
cattle, has also been recovered from bison, buffalo, goats and several 
1 1 1 ? 
species of deer and sheep " . Seventeen species of Setaria have been 
found in Africa alone but it is not yet known if man can be infected with 
this species, although he must often be bitten by mosquitoes which are 
the intermediate host \ S. cervi bears close similarity to human filarial 
worm in response to drugs. Motile adult S. cervi worms are of average 
length (6.0 ± 1.0 cm) and of average weight (35 ± 6.0 mg). They taper 
towards the posterior end, which is specially coiled. Around the mouth, 
there is a cuticular ring, which has dorsal, ventral and lateral 
prominences. The tail of the males has four pairs of precloacal and four 
10 
pairs of post cloacal papillae. The dorsal and ventral buccal prominences 
are notched. The tail of the female has spine at its tip'^ "''*. The 
development and life cycle of S. cervi is however not known completely. 
The adults in peritoneal cavity are found to be non-pathogenic. Larvae of 
S. cervi may enter the central nervous system causing cerebrospinal 
lesions. 
Some successful attempts were made to transplant these worms in 
rabbits'^''^ monkeys'^, and peritoneal cavity of white rats'* "^''^ "'^  Singhal'^' 
also implanted 25 each of male and female adult worms intraperitoneally 
in dogs. In experimental infection in rats, S. cervi produces pathological 
lesions in liver, heart and peritoneal wall etc. The worms produce 
microfilariae which were recovered from the peripheral circulation in 
fairly good number upto a maximum period of six to seven weeks. The 
earliest recover}' of microfilariae was made within 32 hours of infection. 
The sheathed microfilariae are found in the blood of the host''''^ 
Chemotherapy of Filarial Parasites 
1 7 
Hawking attempted to find some chemotherapeutic agents, which 
can influence W. hancrofti. Of these unsuccessful attempts and extensive 
studies only positive results, which were obtained till date is that 
D. immitis in dogs can be killed by antimony compounds of fouadin or 
stibsol type. Hawking tried to find out the filaricidal activity, if any of the 
11 
different compounds like - Fouadin (antimonial compound), Amthiomalin 
(arsenic compound), Espundol but no filaricidal action could be 
demonstrated. 
(a) Antimonials 
Among the antimonial, intravenous administration of tartaremetic 
showed significant reduction in the number of microfilariae of 
W. bancrofti^^. A positive result had found out on D. immitis in dogs 
where they were killed by antimonial compounds fouadin or stibsol when 
given in toxic doses but this failed to show significant activity against the 
adult worms'^. Other antimonials were shown to be active in different 
degrees against filariasis. Sdt 779 was found to be most active and 
thereby regarded as the best antimonial for the treatment of filariasis. 
Then comes methylglucamine stibonate. Anthiomaline, solustibosan, 
neostibosan, neostam and fouadin were also used. Fouadin when 
administered to filarial patients with relatively low dose, severe reactions 
were elicited. So this type of drugs was not useful. However, solustibosan 
did not produce unpleasant reactions in patients and also was not very 
effective . Pentosam and methylglucamine stibonate can be given to man 
for radical cure in such a high dose which will not produce serious side 
effects. As the drugs are excreted rapidly doses are to be given frequently. 
12 
(b) Arsenicals 
Compounds of arsenic were also used for the study of antifilarial 
action of which veiy few hke a derivative of p-benzamide arsenoxide 
D-324, neoarsphenamine and a trivalent derivative of tryparsamide 
possess activity against adult worms. Melarsonil potassium (MEL W) 
was found to be of extensive use in the treatment of O. volvulus' or 
W. bancrofti^^ where there is reduction in the number of microfilariae and 
found that it was very potent drug in terms of complete immobilization of 
worms' . 
(c) Cyanine Quinoline Group and Phenanthridium Compounds 
High degree of activity with good results was seen in styryl, anti-
quinoline and benzothiazoles^ The filaricidal action of phenosafranine 
series, which was tested upon cotton rats infected with L. carinii, killed 
adult worms but did not affect the microfilariae //? vivo~'\ Methylene 
voilet had no filaricidal action upon the microfilariae or adult worms of 
W. bancrofti or A. perstans, so also in O. volvulus. Thus phenosafranine 
series have hardly any value for the treatment of human filariasis. 
(d) Piperazine 
The compound l-carbethoxy-4-methyl piperazine hydrochloride 
(18 C) was effective in reducing the microfilaria! content in the filariae 
infected cotton rats^ . In cotton rats, treated with several piperazines, 
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autopsies revealed no dead adult worm was present in pleural against 
D. Unmitis in the dog was also observed. As compared to antimony 
derivatives, piperazines produced a much more rapid effect upon the 
microfilariae of cotton rats and when compared to antimony salts 
piperazine showed effect against adult worms . 
(e) Diethylcarbamazine (DEC) 
l-diethylcarbamyl-4-methyl piperazine (Hetrazan) rapidly reduced 
the microfilariae of L. carinii in cotton rats and W. bancrofti in human 
beings^^ 1-diethyl carbamyl-l,4-methyl piperazine hydrochloride was the 
most promising agent. After oral or intraperitoneal treatment with this 
compound in cotton rats infected with filariae (dose being 3-100 mg/kg) 
microfilarial count drops within 24 h. There may or may not be 
reappearance of microfilariae in the peripheral blood on cessation of 
treatment. Similar effect, but lesser to some extent occurs with the 
microfilariae of I. carinii' . However, the effect of drug on adult filarial 
worms is not demonstrable so quickly like microfilariae. Lethal effect on 
the adult worms depend upon various important factors: (i) Amount of 
drug given; (ii) Frequency of dosage; (iii) The number of days clasping 
from cessation of treatment of autopsy; (iv) Methylpiperazine 
hydrochloride in a dose of 10 mg/kg or more, twice or more daily, 72 % 
showed death of either some or all adults or no adult worms. But the dose 
was maintained from 3.13 to 100 mg/kg twice. The rats were treated with 
both oral and intraperitoneal treatment because there was no significant 
difference in the effects of either routes of administration. 
(f) Ivermectin 
Apart from diethylcarbamazine, ivermectin was also found to have 
some satisfactory antifilarial effect. Ivermectin is a semisynthetic 
macrocyclic lactone, which is derived from actinomycetes, S. avermactis, 
highly effective against a broad range of helminthic parasites and 
arthropods . Experience in treating human bemg with this drug in 
O. volvulus infection was found to be microfilaricidal with minimal 
evidence of toxicity. Even in a very low doses 5 to 50 ^g/kg, ivermectin 
caused microfilaricidal effect " . In patients with onchocerciasis, a single 
dose of 150 |ig/kg, of ivermectin repeated once a year leads to a marked 
reduction in skin microfilariae counts and ocular involvement^^. At this 
dose ivermectin causes minimal side effects and is sufficiently free of 
severe reactions to be used on a mass scale. It was compared with DEC 
for the patients received single oral dose (200 |ig/kg, body weight) of 
ivermectin and DEC daily for eight days or placebo. Analysis showed 
that ivermectin was better tolerated, safer and more effective 
microfilaricidal agent than DEC for the treatment of onchocerciasis"^*^ 
Given the practical advantages of single dose administration, ivermectin 
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should become a useful medication for the control of bancroftian 
filariasis. 
(g) Natural Products 
Crude extract of the stem bark of plant Streblns asper killed 
microfilariae as well as adult L. carinii. This effect was found to be due to 
two cardiotonic glycosides, asperoxide and strebloside. The former also 
showed strong activity against B. malayi in mastomys. In order to 
dissociate the cardiotonic activity from antifilarial potential various 
chemical transformations of these glycosides were carried out. The 
aqueous and alcohol extracts of S. asper showed potential antifilarial 
activity against S. cet-vi in vitro at very lov/ concentration^'. 
In forty nine cases, legs (68) with filarial elephantiasis at the lower 
extremities were treated with the extracts from mulberry leaves by 
intramuscular injection of 5 ml per day for 7 successive courses each 
lasting 21 days at the interval of 9 to 10 days and the effective rate was 
100 %. The nearby curative rates at each phase from one to seven course 
were 8.82 %, 19.41 %, 23.88 %. 32.82 %, 39.07 %. 48.39 %, and 
55.00 % showing that the effect improved with increase in number of 
courses'^ .^ 
The alcohol and aqueous extracts of Argyria speciosa also have 
antifilarial activity against S. cervi in vitro^^. The concentration of 
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aqueous extract required to kill 50 & 90 % larvae were 2.4 & 3.6 |ig/mi 
respectively. The alcohol extract caused death of larvae at much lower 
concentration, the LC50& LC90 being only 75 & 125 ng/ml respectively. 
The alcohol and aqueous extracts of the roots of Saxifraga 
stracheyi Engl, also showed antifilarial activity against S. cervi in vitro^^. 
The concentration required to inhibit the movements of the whole worm 
preparation was 140 )ig/ml for the aqueous and 250 [xg/ml for the alcohol 
extract. The concentration oiS. stracheyi extracts required to produce an 
equivalent effect on the nerve-muscle preparation was 30 ng/ml for 
aqueous and 20 |ig/ml for the alcohol extract, suggesting a cuticular 
permeability barrier. The alcohol and aqueous extracts also caused death 
of larvae at much lower concentration. The LC50 and LC90 being only 8 
and 20 ng/ml for aqueous extract and 10 and 23 ng/ml for alcohol extract 
of the roots, respectively. Similarly, potential antifilarial activity against 
S. cervi in vitro has also been showed by alcohol and aqueous extracts of 
the roots of Asparagus adscendens Roxb.''', leaves of Vitex negimdu 
- 1 / - O T 
Linn."' , leaves of Mallotus phillippensis Lam. , leaves of Senecio 
T O 
nudicaulis Buch. Ham. , flower and stem of Leucas cephalotes 
Spreng.'^ ,^ leaves and seeds of Psoralea corylifolia Linn.'" ,^ fruits and 
leaves of Pongamiapinnata Linn. , and roots of Mirabilisjalapa Linn.'*'^ . 
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OBSERVATIONS 
1. Azadirachta indica 
1.1. Earlier Reports 
Azadirachta indica (Meliaceae) A. Juss., syn. Melia azadirachta 
Linn., commonly known as Neem is a large evergreen tree, 40 to 50 ft in 
height, common throughout the greater part of India and Burma, and 
often cultivated. 
Almost every part of the tree is bitter and finds application in 
indigenous medicine. The stem, root bark and young fruits are reported to 
possess astringent, tonic and antiperiodic properties'*^. The bark is 
reported to be beneficial in malarial fever and cutaneous diseases'*''. The 
bark exudes a clear, bright, amber-coloured gum, which is stimulant, 
demulcent, tonic and useful in catarrhal and other affections. The twigs 
and leaves are carminative and aid digestion. Tender twigs are used to 
clean teeth, particularly in pyorrhea. The extract of leaf markedly delay 
the clotting time of blood. The strong decoction of fresh leaves is stated 
to be a mild antiseptic. The hot infusion of leaves is much used as 
anodyne for fomenting swollen glands, bruises and sprains. The leaves 
are used as insect repellent and to control nematodes. The fruit is used as 
a tonic, antiperiodic purgative, emollient and as an anthelmintic. It is 
beneficial in urinary diseases and in the treatment of piles. The dry fruit is 
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bruised in water and employed to the treatment of cutaneous diseases. 
The crude oil is used as illuminant and has many therapeutic uses and is 
official in LP. Medicinal properties. The oil is a useful remedy in some 
chronic skin diseases, rheumatism, leprosy and sprain. Intrauterine 
medication of oil controls different types of metrites. The oil is reported 
to have antifertility and antiseptic properties. Flowers are useflil in some 
cases of atonic dyspepsia and general debility"*^ 
All parts of the plant yield ^-sitosterol. The wood oil contains 
cycloeucalenol and 24-methylenecycloartanol. The heartwood contains 
tannin, nimatone, p-sitosterol-p-D-glucoside,4,14a-dimethyl-5a-ergosta-
8, 24(28)-dien-3P-ol,nimbolin A and B, nimbinene and 6-
desacetylnimbinene, a-cellulose, P- cellulose, y-cellulose, hemicellulose-
A and B. The alcohol extract of the fresh stem-bark yielded nimbin, 
nimbinin and nimbidin. The alcohol extract of air dried root bark yielded 
nimbin and nimbidin. Another terpenic constituent, identical with sugiol, 
is reported in the stembark. The leaves contain nimbin, nimbinene, 6-
deacetyl nimbinene, nimbandiol, nimbolide, quercetin, n-hexacosanol and 
nonacosane''^ The fruits contain gedunin, 7-deacetoxy-7-a-hydroxy 
gedunin, azadiradione, azadirone, 17p-hydroxy-azadiradione, 17-
epiazadiradione and nimbiol. The seeds contain 6 new 
tetranortriterpenoids, azadirachtin'^ ^. The presence of gedunin, meldenin. 
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desacetylgedunin, solannin , azadirone, epoxyazadiradione, nimbinene, 6-
0-acetylnimbandiol, 6-desacetylnimbinene, 3-desacetyl salanin, salannol-
1, 3-diacetylvilasinin and a new minor product vapinin is also reported in 
the oil'^. 
The tree is not subject to serious fungal diseases. Neem extracts 
have been reported to possesses anti-diabetic"^ ,^ antibacterial'*^, antiviral''^, 
antioxidant^ * ,^ antifungal^', antimalarial^^ and anti-inflammatory^^ 
properties. The bark extract showed mild inhibitory activity against 
certain strains of water melon mosaic virus'*'*. The tender leaves along 
with Piper nigrum Linn., are found to be effective in intestinal 
helminthiasis. Fresh, mature leaves along with the seeds of Psorela 
corylifolia Linn, and Cicer arietinum Linn, are used to prepare a very 
effective medicine for leucoderma. An aqueous extract (10%) of tender 
leaves is reported to possess antiviral properties. The phosphate buffer, 
ether and alcohol extracts of the leaves inhibit the activity oi Micrococcus 
pyogenes var. aureus. A crude extract of leaves was studied for its effects 
on the cardiovascular system of anasthetized guinea pigs and rabbits. It 
also exhibited a weak anti-arrhythmic activity in rabbit against ouabain-
induced dysrhythmia ^ The neem based common products like urea 
coated with nimin and aqueous extracts of neem seeds showed 
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nematocidal activity against Meloidogyne incognite (Kefoid and White) 
Chitwood '^'-^^ 
Sodium nimbidinate, obtained from nimbidin, has potent diuretic 
and anti-inflammatory properties'*^. Chemopreventive potential of neem 
flowers on carcinogen-induced rat mammary and liver carcinogenesis has 
been reported^^. Four prenylated flavanones possessing antimutagenic 
activity against heterocyclic amines in the Salmonella typhimurium, 
myricetin, quercetin and kaempferol, were isolated from the flowers of ^. 
indica^'^'^^. The use of flowers has been scanty and uncommon although it 
is used in folklore medicine for worm infestations. It was, therefore, 
thought worthwhile to test the efficacy of aqueous and alcohol extracts of 
flowers oiA. indica for its antifilarial activity in vitro on the whole worm, 
nerve muscle (n.m.) preparation and microfilariae of Setaria cervi 
(Nematoda: Filarioidea). 
1.2. Effect of alcohol extract of the flowers of A. Indica on the 
spontaneous movements of whole worm and nerve muscle 
preparation of 5". cervi 
A typical response of alcohol extract of A. indica on the 
spontaneous movements of whole worm of S. cervi is shown in Fig. 1. 
Addition of extract in a concentration of 150 |ig/ml produced a stimulant 
effect characterized by an increase in the tone and rate of contractions and 
15()iii; ml 4> nil 
min 
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Fig. L The reversible effect of 150 j^ g/ml alcohol extract of flowers of A. indica on 
the spontaneous movements of the \^hole worm of 5". cervi. Initial stimulant effect 
was characterized by an increase in the tone and rate of contractions and decrease 
in the amplitude of contractions. The stimulant phase lasted for about 30 min. 
ftitt 
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Fig. 2. The reversible effect of 25 |ig/ml alcohol extract of flowers of^. indica on the 
spontaneous movements of the n.m, preparation of S. cervi. The initial stimulant 
effect was absent. Immediately after the addition of the alcohol extract, the tone, 
amplitude and rate of contractions started declining simultaneously. 
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decrease in the amplitude of contractions. The effect was evident 
immediately after the addition of the drug. The stimulant effect lasted for 
about 30 min when tone of contractions started declining till it attained 
pre-drug level after about 40 min. At this time the amplitude of 
contractions started decreasing and continued to do so till the movements 
of the worm ceased completely after about 45 min. The paralysis of the 
worm was complete and continued till the period of observation (6 h). 
However with repeated changes of the bath fluid (w), the movements of 
the worm were slowly restored to normal. This indicates that the paralysis 
induced was reversible in nature. 
On the n.m. preparation, the effect of alcohol extract was different 
in nature as compared to that observed on whole worm (Fig. 2). The 
initial stimulant effect characterized by increase in tone was absent in the 
n.m. preparation. Immediately after the addition of the alcohol extract, the 
tone, amplitude and rate of spontaneous contractions started declining 
simultaneously. After about 30 min, the contractions became less 
frequent with smaller amplitude, ft took about 60 min for a concentration 
of 25 |ig/ml to paralyze the n.m. preparation, completely. However, with 
repeated changes of the bath fluid (w), the movements were restored to 
normal. This indicates that the paralysis induced was reversible in nature. 
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1.3. Effect of aqueous extract of the flowers of A. indica on the 
spontaneous movements of whole worm and nerve muscle 
preparation of ,5". cervi 
The response of aqueous extract was different in nature to the 
response of alcohol extract of flowers oiA. indica. Addition of extract in 
a concentration of 250 )ag/ml produced a stimulant effect characterized by 
increase in the amplitude and rate of contractions. However, tone of 
contractions was not visibly affected to any significant extent. After about 
60 min, amplitude was reduced and the rate of contractions continued to 
decrease. The decrease in amplitude of contractions continued and after 
about 120 min the movements of the whole worm ceased completely. 
However, on repeated changes with the bath fluid (w), the movements 
were restored to normal. This indicates that the paralysis induced was 
reversible in nature (Fig. 3). 
On the n.m. preparation, the aqueous extract produced a decrease in 
the spontaneous movements characterized by a decrease in tone and rate 
of contractions. However the amplitude of contractions increased. The 
effect was evident after about 5 min of the injection of the drug. The 
initial stimulant effect was not observed as in the whole worm 
preparation. It took about 1 hour for the concentration of 50 |ig/ml to 
completely paralyze the n.m. preparation. The paralysis caused was 
t 
25()ng/nil 60 mm 
Fig. 3. The reversible effect of 250 ^g/ml aqueous extract of flowers of A. indica on 
the spontaneous movements of the whole worm of S. cervi. Addition of extract 
produced a stimulant effect, characterized by increase in the amplitude and rate of 
contractions. However, the tone of contractions was not visibly affected to any 
significant extent. 
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Fig. 4. The reversible effect of 50 ng/nil aqueous extract of flowers of ^. indica on 
the spontaneous movements of the n,m, preparation of S. cervi. The initial 
stimulant effect was not observed and the effect was evident after about 5 min of 
the injection of the drug. 
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Fig. 5. The effect of alcohol and aqueous extracts of the flowers of A. 
indica on the survival of microfilariae of S. cervi in vitro. Bar 
representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.004, P (aqueous) < 0.002 as compared to 
controlled. 
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reversible, as repeated washings of bath fluid (w) restored the movements 
to normal (Fig. 4). 
1.4. Effect of alcohol and aqueous extracts of flowers of A. indica on 
the survival of the microfilariae of 5. cervi in vitro 
Both alcohol and aqueous extracts of flowers of A. indica caused 
concentration related effect on the survival of microfilariae of S. cervi. 
The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of the alcohol and aqueous extracts of flowers 
of A. indica observed for 480 min is shown in Fig. 5. 
2. Pluchea lanceolata 
2.1. Earlier Reports 
Pluchea lanceolata (Asteraceae or Compositae) C.B. Clarke, 
commonly known as Rasna, is an erect under shrub 30-100 cm, high 
perennial weed found throughout India. Rasna is a plant indicated in 
Ayurvedic texts for conditions similar to rheumatoid arthritis and allied 
disorders and diseases of dyspepsia. The leaves are aperient and used as a 
substitute for Senna. The decoction of the plant has been reported to 
prevent the swelling of joints in arthritis^ '^^ ^. The plant is used for the 
inflammations and bronchitis. It is used as a laxative, analgesic, 
antipyretic and nervine tonic^'. 
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In a preliminary phytochemical study, P. lanceolata showed the 
presence of glycosides and sterols and absence of alkaloids . 
Formononetin 7-0-glucoside (ononin) , an isoflavonoid, hesperetin-7-
rutinoside (hesperidin) and taxifolin-3-arabinoside '^* were isolated from 
the soils of cultivated areas associated with the plant. Two new aliphatic 
hydrocarbons^ ,^ ursane and sterol derivatives*''', a new derivative of 
benzoic acid , monoterpenic ester, chromenone, steroidal lactone and 6 
new constituents*'^  have been isolated from the aerial parts of Pluchea 
lanceolata. Defatted P. lanceolata yielded, pluchine, a new quaternary 
base™, which was later identified as betaine hydrochloride'^ '. The 
petroleum ether extract of the plant on saponification yielded three 
unidentified compounds . Quercetin and quercitrin were isolated from 
7'? 
the leaves of P. lanceolata ". Isorhamnetin and quercetin have been 
reported to be present as aglycones in the alcohol extract of leaves. 
Glycosides were found absent^ ''. 
On preliminary pharmacological investigation, the water soluble 
fraction of ethanol extract (90%) of/", lanceolata (v/hole plant) revealed 
two primary actions viz., acetylcholine-like action and a spasmolytic 
action on smooth muscles. The plant relaxed the isolated ileum of rabbit 
and rat, isolated rat uterus as also ileum in situ of dog. The extract also 
potentiated pentobarbital induced hypnosis in rats. It was devoid of 
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anticonvulsant activity (against electroshock and metrazol induced 
seizures) and analgesic effect. The oral administration of the extract in 
0.5 to 3.0 g/lOOg doses, did not produce overt symptoms of toxicity in 
albino rats*'^ . 
The decoction of P. lanceolata (whole plant) in dose of 1.5 mg 
(0.75g of the dry powder) administered for 10 days to non-
adrenalectomized dogs was found highly effective against formalin-
induced arthritis, as evidenced by the reduction in the swelling of ankle 
joints and limb volume in the decoction treated group''*'^ .^ The water 
soluble fraction of the 90% alcohol extract of P. lanceolata stem 
significantly showed anti-inflammatory activity against formalin arthritis 
and granuloma pouch in albino rats. The extract significantly decreased 
the adrenal gland weight and increased the adrenal ascorbic acid and 
cholesterol contents. The plant extract appeared however, to suppress the 
delayed periarticular changes more as compared to acute inflammatory 
reactions. Gastric ulcer and haemorrhage occurred in 5 out of 12 rats 
treated with P. lanceolata extract, as against 10 out of 12 in 
betamethasone treated rats. Continuous treatment with 100 to 200 mg/day 
for 15 days did not produce any apparent toxic effect. The mortality was 
1 out of 12 as compared to 12 out of 29 rats treated with betamethasone^''. 
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Another study compared the anti-inflammatory activities of P. 
lanceolata alcohol extract (water soluble portion) and P. lanceolata 
steroidal fraction (non-saponifiable) against carrageenin induced oedema 
in albino rats. P. lanceolata extract did not show significant activity 
whereas the non saponifiable portion of P. lanceolata steroid fraction 
exhibited significant anti-inflammatory activity only against carrageenin-
induced rat paw oedema, but poor activity in the granuloma pouch test, as 
revealed by its failure to significantly reduce the volume of exudate^^. 
P. lanceolata (50% ethanolic extract of the whole plant excluding 
roots) showed antiimplantation activity in hamsters which was confirmed 
in the fractional extract. The extract was devoid of antibacterial, 
antifungal, antiprotozoal, antiviral, diuretic activities and effects on CVS, 
CNS and isolated tissues. The LD50 of the extract was found to be 
681mg/kg i.p. in albino mice . A pentacyclic triterpene, neolupenol, 
isolated from flowers of P. lanceolata also showed anti-inflammatory 
7Q 
activity . No attempt has been made to study the activity of P. lanceolata 
extracts against any filarial parasite. Hence in the present study the 
alcohol and aqueous extracts of P. lanceolata were screened to observe 
the effect on whole worm, nerve muscle (n.m.) preparation of Setaria 
cervi and on the survival of microfilariae in vitro. 
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2.2. Effect of alcohol extract of the leaves and stem of P. lanceolata 
on the spontaneous movements of whole worm and nerve muscle 
preparation oiS. cervi 
A typical response of alcohol extract of leaves and stem of P. 
lanceolata on the spontaneous movements of the whole worm of S. cervi 
is shown in Fig. 6. The addition of 200 |ig/ml of alcohol extract to the 
bath fluid modified tne movements while at lower concentration it was 
inactive. The response was characterized by initial stimulation followed 
by paralysis. The initial stimulatory effect was characterized by an 
increase in tone and amplitude of contractions, while the rate of 
contractions was unaffected. The effect was evident immediately after the 
addition of the drug. The increase in amplitude was observed initially for 
about 90 min; thereafter it started declining until it attained pre-drug 
level. 
After about 130 min, activity of the whole worm ceased 
completely. The paralysis of the worm continued for more than 6 h. There 
were no spontaneous twitching, contractions or recovery. However, on 
repeated changes of bath fluid (w), the movements of the worm were 
restored to normal. This indicates that the paralysis caused was reversible 
in nature. 
90 mm. 
mm 
Fig. 6. Stimulatory effect of alcohol extract (200 )ig/ml) of the leaves and stem of P. 
lanceolata on the whole worm preparation of S^". cervi. Immediate initial stimulation 
is observed by increase in amplitude and tone of contractions caused by 
spontaneous movements followed by paralysis, which is reversed after washings 
(w). 
mm 
r'V*-«i.u 
30 min. 
mm 
60 min. 
Fig. 7. Reversible effect of alcohol extract (25 \iglm\) of the leaves and stem oi P. 
lanceolata shown by decrease in amplitude and rate of the contractions, and no 
effect on the tone of contractions on spontaneous movements of the n.m. 
preparation of 5". cervi. 
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On the n.m. preparation, the effect of the alcohol extract of leaves 
and stem was manifested at a concentration as low as 25 |ig/ml of bath 
fluid. The response was characterized by decrease in rate and amplitude 
of the contractions while the tone of contractions remained unaffected. 
The initial stimulant effect was not observed as seen in the whole worm 
preparation (Fig. 7). The rate and amplitude of the contractions continued 
to decline and after 1 hour, the activity ceased completely. However, on 
repeated changes of bath fluid (w), the movements were restored to 
normal. This indicates that the paralysis caused was reversible in nature. 
2.3. Effect of aqueous extract of the leaves and stem of P. lanceolata 
on the spontaneous movements of whole worm and nerve 
muscle preparation of 5. cervi 
The response to the aqueous extract of leaves and stem of P. 
lanceolata was quite similar to that observed with the alcohol extract 
(Fig. 8). Addition of aqueous extract in a concentration of 250 |ag/ml 
caused immediate initial stimulation and was characterized by an increase 
in amplitude and tone of contractions. The initial stimulatory effect was 
evident immediately after the addition of the drug. The stimulant effect 
lasted for about 30 min when amplitude of contractions started declining. 
The rate of contractions was unchanged initially but showed decrease 
after about 90 min. After about 160 min there was complete cessation of 
250[.ig/m 
min 
160 111 in f > h i 
Fig. 8. Stimulatory effect of aqueous extract (250 fig/ml) of the leaves and stem of P. 
lanceolata on the whole worm preparation oi S. cervi. Immediate initial stimulation 
is observed by an increase in amplitude and tone of contractions caused by 
spontaneous movements followed by paralysis, which is reversed after washings 
(w). 
lOOng/ml 60 mil l 
min 
Fig. 9. Reversible effect of aqueous extract (100 |ig/ml) of the leaves and stem of P. 
lanceolata on the spontaneous movements of the n.m. preparation of 5". cervi. Initial 
stimulation is observed by an increase in amplitude without change in rate and tone 
of contractions followed by decrease in amplitude and rate of contractions. 
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log (concentration) 
1.45 1.7 
[•Control • Aqueous Alcohal 
Fig. 10. The effect of alcohol and aqueous extracts of the leaves and 
stem of P. lanceolata on the survival of microfilariae of S. cervi 
in vitro. Bar representing standard error of mean [SEM (p 
value)]. 
P (alcohol) < 0.006, P (aqueous) < 0.001 as compared to 
controlled. 
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movements resulting in the paralysis. The worm continued to remain 
paralyzed for more than 6 h. However, with repeated changes of the bath 
fluid (w), the movements of the worm were slowly restored to normal. 
This indicates that the paralysis was reversible in nature. 
On the n.m. preparation the effect of the aqueous extract was 
manifested at a concentration of 100 jig/ml of bath fluid. The onset of 
initial stimulation was observed after an interval of few minutes (Fig. 9), 
but became, visibly evident after about 15 min of addition of the extract 
to the bath fluid. The response was characterized by an increase in 
amplitude while the rate and tone of contractions remained nearly 
unaffected. The stimulant effect lasted for about 30 min. At this time, the 
amplitude and rate of contractions started decreasing and continued to do 
so till the movements of the n.m. preparation ceased completely. The 
paralysis was complete and continued for more than 6 h. The movements 
were however restored to normal by repeated washing of the bath fluid 
(w). This indicates that the paralysis was reversible in nature. 
2.4. Effect of alcohol and aqueous extracts of leaves and stem of P. 
lanceolata on the survival of the microfilariae of 5*. cervi 
Alcohol and aqueous extracts of leaves and stem of P. lanceolata 
caused concentration related effect on the survival of the microfilariae of 
S. cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
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concentration related effect of alcohol and aqueous extracts of leaves and 
stem of P. lanceolata observed for 480 min is shown in Fig. 10. 
3. Ixora coccinea 
3.1. Earlier Reports 
Ixora coccinea Linn., (Rubeaceae), is an erect, woody, ornamental 
and about 10 to 15 ft high perennial shrub. It is commonly known as 
jungle flame and in Hindi Rangan. Flowers are used in dysentery, 
dysmenorrhoea, leucorrhoea, haemopt>'sis and catarrhal bronchitis. In 
ophthalmic conditions and for sores and ulcers, a decoction of the flowers 
SO 
or the bark is said to be useful. Leaves are used in diarrhoea . Roots are 
said to be sedative, stomachic and useful in hiccup, fever, gonorrhoea, 
loss of appetite, diarrhoea and dysenter>'. Roots are also used as 
astringent, antiseptic in abdominal pain and applied to sores and chronic 
ulcers '^-'^ ^ 
Preliminary chemical examination of /. coccinea revealed the 
presence of D-mannitol in their flowers and stem bark. The leaves and 
flowers of /. coccinea gave rutin, cyanidin-3-rutinoside and traces of 
leucocyanidin glycoside . Palmitic, stearic, oleic and linoleic acids were 
identified in the oil of /. coccinea roots^ "*. /. coccinea (whole plant 
excluding root) extract revealed a CNS depressant activity in mice, as 
revealed by its effect on behaviour, induced pyrexia, barbiturate induced 
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hypnosis and rota-rod performance. The extract also had a semen-
coagulant effect which was confirmed in the fractionated extract. The 
CNS depressant activity was found to be of a low magnitude. The LD50 of 
the extract was 750 mg/kg i.p. in albino mice^ .^ The petrol extract of/. 
coccinea roots was found active against Helminthosporium sativum . 
Earlier studies have shown significant chemopreventive effect of 
9.1 
active fraction on cyclophosphamide - induced toxicity in mice and an 
antigenotoxic ursolic acid was isolated from the flowers of 7. coccinea . 
The active fraction isolated from the flowers of /. coccinea prevented a 
decrease in body weight, haemoglobin levels and leucocyte counts of 
mice treated with cisplatin, and also maintained their blood urea nitrogen 
levels to the near normal rate, indicating its chemopreventive effect . 
The antitumor activity of flowers of /. coccinea was studied in 
comparision to intraperitoneally transplanted Dalton's lymphoma (ascitic 
and solid tumors) and Ehrlich ascits carcinoma (EAC) tumors in mice'^ *^ . 
Aqueous and alcohol extracts of 7. coccinea have shown antibacterial and 
antifungal activity. Alcohol extracts were found to be better than aqueous 
extracts . Lupeol, isolated from the petroleum ether fraction of ethanol 
extract of leaves of I. coccinea has shown anti-inflammatory activity in 
the carrageenan - induced paw edema test in albino rats and anti-mitotic 
activity in a preliminary cytotoxic study^l Ether and methanol extracts of 
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dry leaves of /. coccinea were tested for antimicrobial activity and ether 
extract was found to be more active than methanol extract . No attempt 
has been made to study the activity of /. coccinea extracts against any 
filarial parasite. Hence in the present study the alcohol and aqueous 
extracts of flowers of/, coccinea were screened to observe the effect on 
whole worm and nerve muscle (n.m.) preparation of Setaria cervi and on 
the survival of microfilariae in vitro. 
3.2. Effect of alcohol extract of the flowers of /. coccinea on the 
spontaneous movements of whole worm and nerve muscle 
preparation of .S". cervi 
Addition of extract in a concentration of 160 |ig/ml to the bath 
fluid modified the movements of the whole worm of S. cervi (Fig. 11). 
The response was characterized by stimulation followed by paralysis. The 
initial stimulatory response was characterized by an immediate decrease 
in tone, rate and amplitude of contractions. The effect was evident 
immediately after the addition of the drug. The rate and amplitude of 
contractions continued to decline and after about 60 min the contractions 
became less frequent and ceased completely after about 2 h. The paralysis 
caused was reversed by repeated changes of bath fluid (w). However, the 
movements of the whole worm preparation failed to attain the pre-drug 
level. 
nil;). 
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Fig. 11. The stimulatory effect of 160 i^g/ml alcohol extract of the flowers of /. 
coccinea on the spontaneous movements of the whole worm preparation of 5". cervi. 
The initial stimulant effect was characterized by an immediate decrease in tone, 
rate and amplitude of contractions, which was further followed by reversible 
paralysis. 
Fig. 12. The reversible effect of 30 |j,g/ml alcohol extract of the flowers of/, coccinea 
on the spontaneous movements of the n.m, preparation of S. cervi. The initial 
stimulant effect was not evident and the response was characterized by decrease in 
amplitude and rate of contractions, while the tone of contractions was slightly 
increased. 
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On the n.m. preparation, the effect of the alcohol extract was 
manifested at a concentration of 30 fig/ml of bath fluid. The onset of 
initial stimulation was not observed just after the addition of the drug but 
became visibly evident after about 90 min of addition of the extract to the 
bath fluid. The response was characterized by decrease in amplitude as 
well as the rate of contractions, while the tone of contractions was 
slightly increased. After about 125 min, a typical response was observed 
with the decrease in the amplitude of contractions. The rate, thereafter, 
started declining and the movements ceased completely after about 130 
min (Fig. 12). The paralysis caused was continued for about 3 h. The 
movements were however restored by repeated changes of bath fluid (w). 
This indicates that the paralysis caused was reversible in nature. 
3.3. Effect of aqueous extract of the flowers of /. coccinea on the 
spontaneous movements of nerve muscle preparation oiS. cervi 
The response of aqueous extract of the flowers of /. coccinea was 
quite similar to that observed with the response of alcohol extract on the 
n.m. preparation of 5. cervi (Fig. 13). Addition of aqueous extract in a 
concentration of 60 |.ig/ml caused a slight increase in tone as well as 
amplitude of contractions after about 10 min of the injection of the drug 
to the bath fluid. After about 30 min, a stimulant effect was observed with 
the increase in tone of contractions, while the rate of contractions 
nun. 
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Fig. 13. The reversible effect of 60 fig/ml aqueous extract of the flowers of /. 
coccinea on the spontaneous movements of the n.m. preparation of S. cervL The 
initial stimulant effect vk'as not observed and the effect was evident by increase in 
tone of contractions, while the rate of contractions returned to normal. 
0.7 0.95 1.2 
log (concentration) 
1.45 1.7 
• Control « Aqueous Alcohal 
Fig. 14. The effect of alcohol and aqueous extracts of the flowers of /. 
coccinea on the survival of microfilariae of S. cervi in vitro. Bar 
representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.004, P (aqueous) < 0.002 as compared to 
controlled. 
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remained unaffected. The stimulant effect lasted for about 30 min when 
the tone of contractions returned to normal. At this time the amplitude 
and rate of contractions started to do so till the movements of n.m. 
preparation ceased completely. The paralysis was complete and continued 
for more than 3 h. The movements were however restored to normal by 
repeated washings of the bath fluid (w). This indicates that the paralysis 
caused was reversible in nature. 
3.4. Effect of alcohol and aqueous extracts of flowers of/, coccinea 
on the survival of the microfilariae ofS. cervi in vitro 
Both alcohol and aqueous extracts of flowers of/, coccinea caused 
concentration related effect on the survival of the microfilariae of S. 
cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of alcohol and aqueous extracts of flowers of 
/ coccinea observed for 480 min is shown in Fig. 14. 
4. Ficus racemosa 
4.1. Earlier Reports 
Ficus racemosa Linn., (Moraceae), syn. Ficus glomerata Roxb., 
commonly known as gular, is a large, evergreen tree, 40 to 50 ft in height 
and common throughout all parts of India. In Ayurvedic system of 
medicine almost every part of this plant is used for medicinal purposes . 
The bark, leaves and unripe fruit are astringent, carminative, stomachic 
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and vermicide. The fruit is edible and used in menorrhagia, haemoptysis, 
visceral obstructions and is efficacious in diabetes'^^ The root is reported 
to be useful in dysentery. The powdered leaves mixed with honey are 
given in bilious affections. The milky juice is administered in piles and 
diarrhoea^^. Powdered fruit and latex are given in dysentery and 
diarrhoea. Fresh whole fruits are used as a source of dietary fibre, which 
exhibited more hypocholesterol activity than pure cellulose. 
Phytochemical studies of F. racemosa revealed the presence of 
several compounds including friedelin'^ '', lupeol^ ''"^ ,^ p-sitosterof^'"'^, 
stigmasterof ^ tiglic acid ester of taraxastero^^ 13 a, 14 p; 17 p (H), 20 
a (H)-lanosta-8, 22-diene- 3P-ol"^', bergenin^^ and P-sitosterol-D-
07 
glucoside (a known hypoglycemic agent). 
Earlier studies have shown significant anti-infiammatory, analgesic 
and antipyretic activity of aqueous, alcohol and petroleum ether extracts 
in rodents from the leaves of F. glomerata ~. Different parts of F. 
glomerata were extracted v^ 'ith water and organic solvents and there 
effects on blood sugar level and hypoglycemic activity in streptozotocin -
induced diabetic rats were studied'"" '^'^ '*. F. glomerata affords 
antihepatotoxic activity against paracetamol-induced acute liver damage 
in rats"'^ An alcohol extract of the bark has been found to be very 
effective in reducing blood sugar in alloxan-induced diabetic albino rats. 
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It helps in improving the damaged beta cells of islets of Langerhans thus 
exerting permanent blood sugar lowering effect. A decoction of fresh 
stem bark is used in diarrhoea and as an antifertiiity agents'*^ .^ Psoralen, 
an antifungal compound has been isolated from the extract of the leaves 
of F. racemosa using 50 % methylene chloride in hexane flash column'^^. 
No report is available for its use in helminthic or any other parasitic 
infections. This prompted us to study the effect of the alcohol and 
aqueous extracts of the fruits of F. racemosa on the motility and survival 
of the adult worm preparation, nerve muscle (n.m.) preparation and the 
survival of microfilariae in vitro of the filarial nematode parasite Setaria 
cervi. 
4.2. Effect of alcohol extract of the fruits of F. racemosa on the 
spontaneous movements of the whole worm and nerve muscle 
preparation of S^". cervi 
Addition of alcohol extract in a concentration of 250 |ig/ml caused 
immediate initial stimulation and v^as characterized first by decrease and 
then increase in amplitude of contractions. After about 30 min, the tone of 
contractions increases. The rate of contractions was unchanged initially 
but showed a decrease after about 30 min when the increase in amplitude 
became highly significant and visible (Fig. 15). The amplitude increased 
by nearly two times of the original. The rate thereafter started declining 
miri. 
30 mill 
nun. 
Fig. 15. Stimulatory effect of alcohol extract at a concentration of 250 )xg/ml of the 
fruits of F. racemosa on the whole worm preparation of S. cervi. Immediate initial 
stimulation was observed by increase in amplitude and tone of contractions caused 
by spontaneous movements followed by paralysis, which was reversed by washings 
(w). 
iiin. 
t t 
50ng/ml 5 mil l. 
mm 
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mil l , ^'ll-^^^ 
Fig. 16. Irreversible effect of alcohol extract at a concentration of 50 ^ig/ml of the 
fruits of F. racemosa shown by decrease in amplitude, rate and tone of contractions 
on the spontaneous movements of the n.m. preparation oiS. cervi. 
37 
slowly while the tone of contractions continued to remain increased. 
After about 120 min there was further decrease in the rate of contractions, 
which became slow and the amplitude decreased. After about 130 min the 
movements stopped completely. The paralysis caused was continued for 
more than 4 h. The paralysis caused was reversible as the repeated 
washings of the bath fluid (w) restored the movements, however it failed 
to attain the pre-drug level. 
The response of alcohol extract on the n.m. preparation is quite 
interesting. The alcohol extract produced decrease in the amplitude, rate 
and tone of contractions immediately following the addition of drug to 
the bath fluid (Fig. 16). It took about only 5 min for a concentration of 50 
|jg/ml to completely paralyze the n.m. preparation. The movements were 
however, not restored despite repeated changes of the bath fluid (w). This 
indicates that paralysis caused was irreversible in nature. There was no 
indication of restoration of movements even after 2 h. Addition of 
acetylcholine (Ach) and CaCl2 (both stimulants) to the bath fluid elicited 
their response. The response to Ach was concentration related being more 
with a higher concentration. 
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4.3. Effect of aqueous extract of the fruits of F. racemosa on the 
spontaneous movements of the whole worm and nerve muscle 
preparation of iS". cervi 
Addition of aqueous extract failed to modify the movements of the 
whole worm of S. cervi at lower concentrations, however at a 
concentration of 350 |ag/ml, the effect was evident after an interval of 
time, which was characterized by small increase in amplitude of 
contractions (Fig. 17). The initial stimulant effect was not observed after 
about 120 min. The rate and amplitude of contractions started declining 
however the tone of contractions was increased which was followed by 
cessation of the worm completely. The worm continued to remain 
paralyzed for more than 6 h. Hov/ever, with repeated changes of the bath 
fluid (w), the movements of the worm were restored to normal. This 
indicates that paralysis caused by higher concentration of aqueous extract 
of fruits of F. racemosa was reversible in nature. 
The effect of the aqueous extract on the n.m. preparation oiS. cervi 
was manifest at a concentration of 150 |ig/ml. The initial stimulant effect 
was characterized by an increase in amplitude and tone of contractions, 
however there was no significant change observed in the rate of 
contractions (Fig. 18). The initial stimulant effect lasted for about 60 min 
and was characterized by small decrease in the rate of contractions. This 
mm 
i20min. 
t t 
6 hrs. 
(Washing) 
Fig. 17. Reversible paralytic effect of aqueous extract at a concentration of 350 
Hg/ml of the fruits of F. racemosa showing small increase in amplitude of 
contractions on spontaneous movements of the whole worm preparation of 5". cervi. 
120mm. 
t t 
6 hrs. w 
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Fig. 18. Stimulant effect of aqueous extract at a concentration of 150 |ug/ml of the 
fruits of F. racemosa on the n.m. preparation of S. cervi. Immediate initial 
stimulation was observed by increase in amplitude and tone of contractions due to 
spontaneous movements followed by paralysis. The paralysis induced was reversed 
on washings (w). 
0.7 0.95 1.2 
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Fig. 19. The effect of alcohol and aqueous extracts of the fruits of F. 
racemosa on the survival of microfilariae oiS. cervi in vitro. Bar 
representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.001, P (aqueous) < 0.001 as compared to 
controlled. 
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was followed by paralysis of the n.m. preparation of 5. cervi, which was 
continued for more than 6 h. However repeated changes of the bath fluid 
(w) restored the movements, showing that the paralysis induced by the 
aqueous extract was reversible in nature. 
4.4. Effect of alcohol and aqueous extracts of fruits of F. racemosa 
on the survival of the microfilariae oiS. cervi in vitro 
Both alcohol and aqueous extracts of the fruits of F. racemosa 
caused concentration related effect on the survival of the microfilariae of 
S. cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
alcohol extract being more potent in its lethal effect as compared to the 
aqueous extract. The concentration related effect of the alcohol and 
aqueous extracts of F. racemosa observed for 480 min is shown in 
Fig.l9. 
5. Withaniii somnifera 
5.1. Earlier Reports 
Withania somnifera Dunal (Solanaceae), commonly known as 
aswagandha, is an erect, evergreen, perennial shrub, up to 1.5 m in 
height. It is reported to have adaptogenic, tonic, analgesic, antipyretic, 
anti-inflammatory, abortifacient, antihyperglycaemic, anti-stress, 
antioxidant and anti-aging properties'°^''"'^. The shrub is reported to 
possess several medicinal properties'"^. 
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Aswagandha is useful in consumption and rheumatism. It is 
diuretic, i.e., it promotes urination, acts as narcotic, and removes 
functional obstructions of body. Internally, it is given in marasmus in 
children. The root is given in dyspepsia. The leaves are bitter and given 
in fever. They are bruised and applied to lesions, painful swellings and 
sore eyes. A paste made from the leaves is prescribed for syphilitic 
sores'". 
Many biochemically heterogenous alkaloids have been reported 
in the roots. More recently a new alkaloid, visamine, has been reported. 
In addition to the alkaloids, the roots are reported to contain starch, 
reducing sugars, hentriacontane, glycosides, dulcitol, withaniol. an 
acid, and a neutral compound. 12 withanolides have been isolated from 
the leaves of the plant. The plant seeds contained only 3 withanolides: 
withaferin A: 5a. 17a-dih\droxy-]-oxo-6a. 7a-epoxy-witha-2. 24-
dienolide; and a minor withanolide. The former two withanolides have 
also been isolated from the leaves. Somnirol and Somnitol obtained 
earlier from the leaves. In addition to withanolides, the leaves of W. 
somnifera contained 5 unidentified alkaloids, and a flavonoid is 
reported elsewhere. The stem, leaves and fruits contain condensed 
tannins and flavonoids. The seeds are used as a masticatory'". 
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The total alkaloids of roots have a variety of pharmacological 
actions. The alkaloid (LD50 in mice, 125 mg/kg body-wt) intra-
peritoneally) prolonged hexenal-induced sleeping time, and had 
hypothermic and nicotinolytic effects in mice. They exhibited 
prolonged hypotensive, bradycardiac, and respiratory-stimulating 
action on dogs. The hypotensive effect is due mainly to autonomic 
ganglion-blocking action. The depressant action on the higher cerebral 
centres also contributes to the hypotension. The total alkaloids 
produced a taming and a mild depressant effect (transquillizer-sedative 
type) on the central nervous system in several experimental animals. 
The neuro-pharmacological activity was accredited the acetone soluble 
fraction of the total alkaloids. In another experiment the depressive 
effect was attributed to the basic alkaloids in the roots, the neutral 
alkaloids-showing no depressive effect on spontaneous locomotive 
activity'". 
The total alkaloids showed relaxant and antispasmodic effects 
against several spasmogens on intestinal, uterine, bronchial, tracheal 
and blood-vascular muscles. This pharmacological activity lends 
credence to the use of aswagandha in asthma and as a uterine sedative 
in the Ayurvedic system of medicine'". The antibiotic and 
antibacterial activity of the roots as well as leaves has recently been 
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shown experimentally . Also the in vitro antimicrobial activity of 5(3, 
6a, 14a, 17p, 20p-pentahydroxy-l-oxo-20S, 22R-witha-2,24-dienolide 
has been reported"^ Withaferin A showed its antibiotic, antifungal and 
antitumour activities. Withaferin A showed marked tumour-inhibitory 
activity when tested in vitro against cells derived from human 
carcinoma of nasopharynx (KB). It also produced significant 
retardation of the growth of Ehrlich against ascites carcinoma, 
Sarcoma 180, Sarcoma Black (SBL), and E 0771 mammary 
adenocarcinoma in mice in doses of 10, 12, 15 mg/kg body-wt. 
Withaferin was found to suppress effectively arthritic syndrome 
without any toxic effect. 
It is interesting that withaferin A seems to be more potent than 
hydrocortisone in adjuvant-induced arthritis in rats, a close 
experimental approximation to human rheumatoid arthritis. In its 
odema-inhibiting activity, the compounds gave a good dose response 
in the dose range of 12-25 mg/kg body-wt of albino rats 
intraperitoneally. On oral administration of the extract of roots, 
diarrhoea and vomiting are probably caused by direct irritant effect 
whereas its anthelmintic action is possibly due to the increased 
intestinal peristalsis and irritant effect on worms'". This prompted us 
to study the effect of the alcohol and aqueous extracts of the leaves of 
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W. somnifera on the motility and survival of the adult worm, nerve 
muscle (n.m.) preparation and microfilariae of the filarial nematode 
parasite Setaha cervi. 
5.2. Effect of alcohol extract of the leaves of W. somnifera on the 
spontaneous movements of the whole worm and nerve 
muscle peparation of 5". cervL 
On the whole worm preparation the effect of the alcohol extract 
was manifest at a concentration of 150 |ig/ml. The onset of initial 
stimulation was observed after an interval of few minutes (Fig. 20). 
The response was characterized by an increase in amplitude, tone and 
rate of contractions. The phase of stimulation was short-lasting and 
after about 10 min the amplitude started decreasing and became lower 
than pre-drug level. The tone of contractions also decreased and 
became lower than pre-drug level. The movements of the worm though 
not restored to normal, showed a phase of short-lived activity, which 
was followed by complete cessation of movements. Repeated washings 
of the bath fluid (w) could not restore the movements. This indicates 
that paralysis induced was irreversible in nature. 
The response of alcohol extract was almost similar in nature on 
the n.m. preparation of S. cervi. Addition of extract in a concentration 
of 100 |ig/ml caused an increase in the amplitude, rate and tone of 
^rfli it: 
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Fig. 20. The irreversible effect of 150 (ig/ml alcohol extract of leaves of W. somnifera 
on the spontaneous movements of the whole worm preparation of 5*. cervi. No initial 
stimulation was observed. The response was observed after an interval of time and 
was characterized by an increase in amplitude, tone and rate of contractions. 
T t 
lOOng/ml 30min. 
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Fig. 21. The irreversible effect of 100 |ig/ml alcohol extract of leaves of W, somnifera 
on the spontaneous movements of the n.m. preparation of S^". cervi. Immediate initial 
stimulation was not observed. The effect was evident by decrease in tone of 
contractions. Addition of acetylcholine (Ach) and CaCli (both stimulants) to the 
bath fluid elicited the response. 
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contractions. But the effect was not evident immediately after the 
addition of the drug (Fig. 21). It was visible after few minutes and 
characterized by an immediate decrease in tone of contractions, which 
became lower than pre-drug level. This effect was short-lasting and 
nearly 35 min after the addition of drug, the worm was completely 
paralyzed. Repeated washings of the bath fluid (w) were not effective 
in restoration of the movements. Addition of acetylcholine (Ach) and 
CaCb (both stimulants) to the bath fluid elicited their response. This 
shows that the paralysis induced was irreversible in nature. 
5.3. Effect of aqueous extract of the leaves of W. somnifera on the 
spontaneous movement of the whole worm and n.m. 
preparation of 5". cervi 
The response to aqueous extract of the leaves of W. somnifera 
was not quite similar to that observed with the alcohol extract. 
Addition of aqueous extract in a concentration of 350 ^ig/ml caused an 
immediate initial stimulation and was characterized by a decrease in 
amplitude and rate of contractions while the tone of contractions 
showed no visible change. The effect was short-lasting and after about 
120 min of the injection of drug, the worm was completely paralyzed 
and continued to remain same for more than 5 h. However, repeated 
|i|iJ||fjllijtHVH, 
T 
350ng/ml 
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Fig. 22. Stimulatory effect of aqueous extract of leaves of W. somnifera at a 
concentration of 350 |J,g/ml on the whole worm preparation of iS". cervi. Initial 
stimulant effect was characterized by a decrease in amplitude and rate of 
contractions followed by paralysis, which was recovered by washings (w). 
min. 
Fig. 23. The reversible effect of 100 |J.g/ml aqueous extract of leaves of W. somnifera 
on the spontaneous movements of the n.m. preparation of S. cervi. The effect was 
characterized by initial stimulation followed by paralysis. The initial stimulatory 
effect was observed by decrease in tone and amplitude of contractions. 
0.7 1.2 
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Fig. 24. The effect of alcohol and aqueous extracts of the leaves of W. 
somnifera on the survival of microfilariae of 5. cervi in vitro. Bar 
representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.006, P (aqueous) < 0.002 as compared to 
controlled. 
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changes of the bath fluid (w) restored the movements to normal (Fig. 
22). This indicates that the paralysis induced was reversible in nature. 
The response of aqueous extract of leaves of W. somnifera in a 
concentration of 100 |ig/ml on the n.m. preparation was quite similar in 
its response to the whole worm preparation of S. cervi. The effect was 
characterized by initial stimulation followed by paralysis. The 
stimulatory effect was observed by decrease in tone and amplitude of 
contractions, while the rate of contractions was unaffected. This effect 
remains as such for about 120 min, thereafter, the activity of n.m. 
preparation ceased completely. The paralysis of the worm continued 
for more than 6 h. There was no spontaneous twitching, contractions or 
recovery. The movements were however restored by repeated changes 
of bath fluid (w) indicating that the paralysis caused was reversible in 
nature (Fig. 23). 
5.4. Effect of alcohol and aqueous extracts of leaves of W. somnifera 
on the survival of the microfilariae of 5'. cervi in vitro 
Both alcohol and aqueous extracts of leaves of W. somnifera 
caused concentration related effect on the survival of microfilariae of 
S. cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of the alcohol and aqueous extracts of 
leaves of W. somnifera observed for 480 min is shown in Fig. 24. 
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6. Soliva anihemifolia 
6.1. Earlier Reports 
Soliva anthemifolia (Asteraceae), synonymn, Gymnostyles 
anthemifolia is an annual plant, 8-12 cm in height, found as a common 
weed in cultivated grounds and wastelands throughout the greater part 
of India. No reports have been available showing previously isolated 
compound as well as any biological activity. During routine screening 
the ability of the extracts of the aerial parts of 5. anthemifolia to inhibit 
the spontaneous mobility of filarial parasite Setaria cervi generated 
interest and it was thought worth while to explore anthelmintic 
potential of the two extracts (alcohol and aqueous). 
6.2. Effect of alcohol extract of the aerial parts of 5'. anthemifolia 
on the spontaneous movements of the whole worm and nerve 
muscle preparation of 5". cervi 
On the whole worm preparation oi Setaria cervi, the effect of the 
alcohol extract was manifest at a concentration of 250 fig/ml (Fig. 25). 
The effect was highly evident after about 15 min with little decrease in 
tone, amplitude and rate of contractions. No initial stimulation was 
observed. After 90 min there was sudden increase in tone and decrease 
in amplitude and rate of contractions, which continue decreasing even 
after about 4 h, resulted in the paralysis of the worm. This phase 
90 mm 
Fig. 25. Stimulant effect of alcohol extract in a concentration of 250 ng/ml of tlie 
aerial parts of iS". anthemifolia on whole worm preparation of iS". cervL No initial 
stimulation was observed. The effect was evident after an interval of time and 
characterized by decrease in tone, rate and amplitude of contractions followed by 
paralysis. The induced paralysis was reversed after washings (w). 
mm 
45min. 
Fig. 26. The irreversible effect of 50 jig/ml alcohol extract of the aerial parts of 5". 
anthemifolia on the spontaneous movements of the n.m. preparation of S. cervi. 
Initial stimulant effect was characterized with a decrease in tone and amplitude of 
contractions while the rate of contractions remained almost the same. 
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remained for more than 6 h. After repeated washings of the bath fluid 
(w), the movements were restored to normal but there was no regain of 
the initial tone of contractions. This indicates that the paralysis caused 
was reversible in nature. 
The effect of alcohol extract of 5. anthemifolia at a concentration 
of 50 |ig/ml on the n.m. preparation of S. cervi wos evident with an 
initial stimulation which was characterized with decrease in tone and 
amplitude of contractions while the rate of contractions remained 
almost the same. These movements remained as such for about 1 hour 
resulting in the paralysis of the worm. No restoration of the movements 
was observed even after repeated washings of the bath fluid (w) (Fig. 
26). This means that the paralysis caused was irreversible in nature. 
6.3. Effect of aqueous extract of aerial parts oiS. anthemifolia on 
the spontaneous movements of the whole worm and nerve 
muscle preparation of iS". cervi. 
Addition of aqueous extract oiS. anthemifolia in a concentration 
of 350 fig/ml caused an immediate initial stimulation, which was 
visible by, increase in amplitude of contractions (Fig. 27). After 90 
min, the amplitude of contractions increased too much which remained 
as such for about 160 min. After 5 min, the amplitude of contractions 
decreased to that of initial stage while the tone of contractions 
'(l^'HWlfciii 
25(1 us/ml 15111111. 
90 mm. 
Fig. 25. Stimulant effect of aJcohol extract in a concentration of 250 ^ig/ml of the 
aerial parts of S. anthemifoUa on whole worm preparation of S. cervL No initial 
stimulation was observed. The effect was evident after an interval of time and 
characterized by decrease in tone, rate and amplitude of contractions followed by 
paralysis. The induced paralysis was reversed after washings (w). 
mm 
50Mg/ml 15min. 
mm 
45min. 
Fig. 26. The irreversible effect of 50 |ig/ml alcohol extract of the aerial parts of S. 
anthemifoUa on the spontaneous movements of the n.m. preparation of S. cervi. 
Initial stimulant effect was characterized with a decrease in tone and amplitude of 
contractions while the rate of contractions remained almost the same. 
Fig. 27. The reversible effect of 350 ^g/'ml aqueous extract of the aerial parts of S. 
anthemifolia on the spontaneous movements of the whole worm preparation of S. 
cervL Immediate initial stimulation was visible by increase in amplitude of 
contractions which remained for more than 2 h. The paralysant phase remained for 
6h. 
I20ii<;/ml 45 tniii. 
mm. 
130 mm 
Fig. 28. Stimulant effect of aqueous extract in a concentration of 120 (ig/ml of the 
aerial parts of S. anthemifolia on the spontaneous movements of S. cervi. Initial 
stimulatory effect was observed which was characterized by increase in amplitude 
01 conrracTions. I nis on IS phase was s lior(-las(ing, followed by Ymml\k pai'fllyfiifi. 
« 6 
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Fig. 29. The effect of alcohol and aqueous extracts of the aerial parts of 
S. anthemifolia on the survival of microfilariae of S. cervi in 
vitro. Bar representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.004, P (aqueous) < 0.003 as compared to 
controlled. 
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increased which remained as such for 3 h. The effect continued till the 
paralysis of the whole worm preparation. The paralysant phase 
remained for 6 h. However, with repeated washings of the bath fluid 
(w) the movements were restored to normal indicating that the 
paralysis induced was reversible in nature. 
The response of aqueous extract of S. anthemifolia at a 
concentration of 120 |ig/ml on the n.m. preparation of S. cervi was 
somewhat similar to that on the whole worm preparation. The effect 
was evident with initial stimulation characterized by little increase in 
amplitude of contractions (Fig. 28). This effect was visible for few 
seconds only. After about 45 min the amplitude, tone as well as rate of 
contractions decreased, which remained for more than 2 h resulting in 
the paralysis of the worm. After about 3 h, on repeated washings of the 
bath fluid (w), the movements restored to normal. This indicates that 
the paralysis induced was reversible in nature. 
6.4. Effect of alcohol and aqueous extracts of aerial parts of S. 
anthemifolia on the survival of the microfilariae of S. cervi in 
vitro 
Both alcohol and aqueous extracts of aerial parts of S. 
anthemifolia caused concentration related effect on the survival of 
microfilariae oiS. cervi. The LC50 as observed after 8 h is presented in 
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Table. IV. The concentration related effect of the alcohol and aqueous 
extracts of aerial parts of S. anthemifolia observed for 480 min is 
shown in Fig. 29. 
7. Gmelina phillipinensis 
7.1. Earlier Reports 
Gmelina phillipinensis, synonymn, Gmelina hystrix, 
(Verbenaceae), is very often cultivated in Indian gardens. It is an 
ornamental and annual plant. G. phillipinensis is found to be an 
extensive medicinal plant for the treatment of various ailments"'*'"^. A 
prenylated flavanone, kaempferol was isolated from the flowers of 
G. phillipinensis . In the recent study, the results of an investigation 
of the efficacy of alcohol and aqueous extracts of the flowers of this 
plant concerning the antifilarial activity against Setaria cervi 
(Nematoda: Filarioidea) are presented. 
7.2. Effect of alcohol extract of the flowers of G. phillipinensis on 
the spontaneous movements of the whole worm and nerve 
muscle preparation of iS". cervi 
The alcohol extract of the flowers of G. phillipinensis at a 
concentration of 150 \ig/m\ showed no initial stimulation on the 
movements of the worm (Fig. 30). The effect was evident after 25 min 
of the injection of the drug, which was shown by decrease in the rate, 
44,#!#«^ 
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Fig. 30. The reversible effect of 150 )ig/ml alcohol extract of flowers of G. 
phillipinensis on the spontaneous movements of the whole worm of S. cervi. The 
initial stimulation was absent. The effect was evident by decrease in the rate, 
amplitude as well as tone of contractions. The tone of contractions increased after 
half an hour resulting in the paralysis of the worm. 
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Fig. 31. The reversible inhibition of 25 |j,g/ml alcohol extract of flowers of G. 
phillipinensis on the spontaneous movements of the n.m. preparation of 5". cervi. No 
initial stimulation was observed and the effect was evident after few minutes with 
decrease in rate and amplitude of contractions. 
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as well as tone of contractions. The amplitude of contractions also 
decreased, but after about 35 min the tone of contractions increased 
and after about 1 h, the worm was paralyzed completely which 
remained for more than 4 h. However, on repeated washings of the 
bath fluid (w) the movements were restored to normal. This indicates 
that the paralysis induced was reversible in nature. 
The response of alcohol extract of the flowers of G. 
phillipinensis at a concentration of 25 i^ g/ml on the n.m. preparation of 
S. cervi was almost similar in nature to the effect on whole worm 
preparation. No initial stimulation was observed and effect was visible 
after about 25 min v/ith little decrease in rate and amplitude of 
contractions. But after 45 min there was an increase in the amplitude 
and decrease in rate of contractions, which remained for about 1 h (Fig. 
31). After this the worm was paralyzed completely and this phase 
remained for 90 min. On repeated washings of the bath tluid (w) the 
movements were restored to normal. This indicates that the paralysis 
caused was reversible in nature. 
7.3. Effect of aqueous extract of the flowers of G. phillipinensis 
on the spontaneous movements of the whole worm and nerve 
muscle preparation oiS. cervi 
The effect was visible by stimulation, which was characterized 
by decrease in tone and amplitude of contractions at a concentration of 
250 fig/ml (Fig. 32). After about 30 min the tone of contractions 
increased with decrease in rate of contractions and this has remained 
for about 2 h. After this phase the movements of the worm stopped and 
the paralysant phase remained for more than 4 h. However, on repeated 
washings of the bath fluid (w) the movements restored to normal 
indicating that the paralysis caused was reversible in nature. 
The response of aqueous extract of flowers of G. phillipinensis 
on the n.m. preparation of 5. cervi at a concentration of 100 |ig/ml was 
quite similar to that of whole worm preparation (Fig. 33). Initial 
stimulation was observed with increase in amplitude of contractions. 
After about 15 min the rate of contractions started decreasing while the 
tone remained the same. After 90 min the amplitude of contractions 
started declining which results in the paralysis of the worm. The 
paralysant phase remained for about 160 min. On repeated washings of 
the bath fluid (w), the movements were restored to normal. This 
indicates that the paralysis induced was reversible in nature. 
I j i i n i i n . 
Fig. 32. The reversible effect of 250 ^g/ml aqueous extract of flowers of G. 
phililpinensis on the spontaneous movements of the vk'hole worm preparation of ^. 
cervL The effect was visible by initial stimulation and characterized by decrease in 
tone and amplitude of contractions. 
t t 
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Fig. 33. The stimulant effect of aqueous extract of flowers of G. phillipinensis in a 
concentration of 100 |ig/ml on the n.m. preparation of 5'. cervi. Immediate initial 
stimulation was observed by increase in amplitude of contractions due to 
spontaneous movements followed by paralysis. The paralysis induced was reversed 
on washings (w). 
0.7 0.95 1.2 
log (concentration) 
1.45 1.7 
• Control • Aqueous Alcohol 
Fig. 34. The effect of alcohol and aqueous extracts of the flowers of G. 
phillipinensis on the survival of microfilariae of iS*. cervi in vitro. 
Bar representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.005, P (aqueous) < 0.005 as compared to 
controlled. 
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7.4. Effect of alcohol and aqueous extracts of flowers of G. 
phillipinensis on the survival of the microfilariae of 5". cervi in 
vitro 
Both alcohol and aqueous extracts of flowers of G. phillipinensis 
caused concentration related effect on the survival of microfilariae of 
S. cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of the alcohol and aqueous extracts of 
flowers of G. phillipinensis observed for 480 min is shown in Fig. 34. 
8. Lindenbergia indica 
8.1. Earlier Reports 
Lindenbergia indica Linn., (Scrophulariaceae) syn. Lindenbergia 
iirticaefolia Lehm.; L. polyantha Royle ex Benth, commonly known as 
haldi, basanta in Bengali. It is an erect, sometimes tufted annual herb, 
10-30 cm in height, found throughout India ascending up to an altitude of 
2,100 m in the Himalayas. It is commonly found in crevices on old walls 
and banks of ancient monuments. The plant possesses a faint aromatic 
odour and is slightly bitter. The juice of the plant is given in chronic 
bronchitis and mixed with that of coriander applied to skin 
eruptions "^'"^ 
Phytochemical studies of L. indica reveal the presence of two 
saponins"^ (a, L-rhamnopyranosyl (I->4) (3-D-glucopyranosl (l->3) 
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sitosterol and a, L-rhamnopyranosyl (l->5) a, L-arabinofluranosyl 
(l->3) sitosterol), friedelan-3-P-ol'^" (I), oleanolic acid'^° (II) and 
flavonoids'^*^, 7- hydroxy flavone (III) and quercitrin (IV). The extract of 
L. indica (whole plant) was devoid of tannins'^'. 
The ethanolic extract of L. indica (whole plant) showed 
hypothermia in mice, but was devoid of antiprotozoal, antiviral, 
hypoglycaemic, CVS, anticancer, diuretic activities and effect on isolated 
guinea pig ileum. The LD50 of the alcohol extract was 1000 mg/kg i.p. in 
albino mice . 
No reports were available regarding the antifilarial activity of the 
crude extracts of leaves oil. indica. Present study deals with the effect of 
alcohol and aqueous extracts of the leaves of Z. indica on the motility and 
survival of whole worm preparation, nerve muscle (n.m.) and the survival 
of microfilariae in vitro of the filarial nematode parasite Setaria cervi. 
8.2. Effect of alcohol extract of the leaves of L. indica on the 
spontaneous movements of whole worm and nerve muscle 
preparation of S. cervi 
No significant response was observed on the whole worm by 
alcohol extract of the leaves of L. indica at such a high concentration of 
250 jig/ml. Initial stimulation was observed for only few seconds, which 
was characterized by small increase in the amplitude of contractions. The 
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rate and tone of contractions were however not affected. After about 30 
min there was small increase in tone of contractions, which remained 
same for about 1 hour. After that the rate and amphtude of contractions 
started declining and continued to do so for more than 90 min. It took 
about only 90 min for the worm to paralyze completely. However with 
repeated changes of the bath fluid (w), the movements were restored to 
normal. This indicates that the paralysis caused was reversible in nature 
(Fig. 35). 
The response of the alcohol extract of leaves of L. indica (Fig. 36) 
on the n.m. preparation of S. cervi was not quite similar to that observed 
with the response of whole worm preparation. Addition of extract in a 
concentration of 100 ng/ml caused immediate initial stimulation and was 
characterized by an increase in amplitude and tone of contractions. The 
rate of contractions was unchanged initially but showed a decrease after 
about 45 min, when the decrease in amplitude and tone of contractions 
became visible. The rate, amplitude and tone of contractions started 
declining and after about 60 min the movement stopped completely. The 
paralysis caused was continued for more than 2 h. The movements were 
restored to normal after repeated washings of bath fluid (w). This 
indicates that the paralysis was reversible in nature. 
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Fig. 35. Short-lasting initial stimulation followed by reversible paralysis by 250 
i^g/ml alcohol extract of leaves of L. indica on the spontaneous movements of the 
whole worm preparation of .S". cervL The stimulant effect was characterized by 
increase in amplitude of contractions while the rate and tone of contractions were 
however not affected. 
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Fig. 36. Stimulation of the spontaneous movements of the n.m. preparation of 5". 
cervi by 100 p.g/ml alcohol extract of leaves of L. indica. Initial stimulation was 
characterized by an increase in amplitude and tone of contractions. The rate of 
contractions was unchanged initially but showed a decrease after 45 min. The 
paralysis induced was reversed on repeated washings of bath fluid (w). 
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8.3. Effect of aqueous extract of the leaves of L. mcUpq, on the 
spontaneous movements of whole womb and nerve naiscle -
preparation ofS. cervi 
•V. - / 
The response of the aqueous extract was quite similar to- that 
observed with the alcohol extract. Addition of extract at a high 
concentration of 350 fxg/ml caused immediate initial increase in 
am.plitude and tone of contractions. The rate of contractions was 
unchanged initially but showed a decrease after about 60 min when the 
increase in amplitude became highly significant and visible (Fig. 37). 
After about 2 h the amplitude increased by nearly 3 times the original, 
and the tone of contractions increased. The rate thereafter started 
increasing while the amplitude of contractions continued to decrease. 
After about 190 min the worm was paralyzed completely and with the 
repeated changes of the bath fluid (w) the movements of the worm 
restored to normal. This means the paralysis induced was reversible in 
nature. 
The addition of 250 |ag/ml of aqueous extract to the bath fluid 
modified the movements, while at lower concentrations it was inactive. 
The response was characterized by initial stimulation followed by 
paralysis. The initial stimulatory effect was characterized by an increase 
in tone and amplitude of contractions, while the rate of contractions was 
3^(lli!! nil 
l l l l l l 
i : i i i i |i)i)i))i)) 
Fig. 37. Addition of aqueous extract of leaves of L. indica at a high concentration 
350 ^g/ml caused immediate stimulation shown by increase in amplitude and tone 
of contractions. After about 3 h the movements of whole worm preparation of S. 
cervi ceased completely. However on repeated changes of the bath fluid (w) the 
movements of the worm restored to normal indicating that the paralysis induced 
was reversible in nature. 
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Fig. 38. Initial stimulation followed by reversible paralysis by 250 ng/ml aqueous 
extract of leaves of Z, indica on the spontaneous movements of the n.m. preparation 
oiS. cervi. Addition of extract in a concentration of 250 |ig/ml produced a stimulant 
effect characterized by increase in amplitude and tone of contractions. 
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Fig. 39. The effect of alcohol and aqueous extracts of the leaves of L. 
indica on the survival of microfilariae of S. cervi in vitro. Bar 
representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.004, P (aqueous) < 0.002 as compared to 
controlled. 
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unaffected initially. The effect was evident immediately after the addition 
of the drug. The increase in amplitude was observed initially for about 30 
min, there after it started declining. The rate and tone of contractions also 
started declining after about 60 min resulting in the complete cessation of 
the worm. On repeated washings of the bath fluid (w) the movements 
restored to normal. This means the paralysis induced was reversible in 
nature (Fig. 38). 
8.4. Effect of alcohol and aqueous extracts of the leaves ofL. indica 
on the survival of the microfilariae oiS. cervi in vitro 
Both alcohol and aqueous extracts of the leaves of Lindenbergia 
indica caused concentration related effect on the survival of microfilariae 
oi S. cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of the ethanol and aqueous extracts of leaves 
oiLindenbergia indica observed for 480 min is shown in Fig. 39. 
9. TrifoUum alexandrinum 
9.1. Earlier Reports 
TrifoUum alexandrinum Linn., (Leguminosae/Papilionaceae), 
30-60 cm long commonly known as Berseem/Egyptian Clover. It is a 
sparingly appressed, pubescent annual, commonly cultivated in the 
semi-desert countries like Egypt, Syria, Iraq and Iran, and introduced 
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into India as a fodder crop. Its part is used as cattle feed and the seeds 
are used as antidiabetic'^^'^''. 
The seeds contain xanthosine. They yield 6.4% of a fatty oil. 
The oil is stable despite its semi-drying properties, suggesting the 
presence of antioxidants . 
The genus Trifolium includes about 250-300 species distributed 
in temperate and subtropical regions of both hemispheres'^^. The 
compounds isolated from Trifolium alexandrinum are kaempferoP^, 
177 17R 17R 178 
velutm , trifolexm , quercetm , quercetrin , chalcanol glycosides 
(38a, 38b, 38c)'^^ formononetin'^°, genistein'^^ biochanin A ' ^ ^ 
coumestan , bersimoside , dehydroazukisaponin " , megastimane 
glycosides''^^, saponins'"*', P-sitosterol'^ ^"''^ '*, soyasaponin I methyl 
ester , azukisaponin V methyl ester , bersimoside I methyl ester" , 
bersimoside II meth\l ester'''"\ dehydrosoyasaponin I methyl ester'''\ 
dehydroazukisaponin V meth}l ester'"'^ sopharailavoside II'^" and 
several amino acids'^ *', carbohydrates'^'', fatt)' acids'^ '^"**^ and others. 
There were no reports available for the antifilarial activity of the 
extracts of this plant. In the recent study, the results of an investigation 
of the efficacy of alcohol, aqueous, petrol, ethylacetate, acetone and 
methanol extracts of the leaves of this plant concerning the antifilarial 
activity against Setaria cervi (Nematoda : Filarioidea) are presented. 
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9.2. Effect of alcohol extract of the leaves of T. alexandrinum on the 
spontaneous movements of whole worm and nerve muscle 
preparation of iS*. cervi 
Addition of extract in a concentration of 400 |ig/ml produced a 
stimulant effect characterized by increase in amplitude of contractions. 
However tone and rate of contractions were not visibly affected to any 
significant extent (Fig. 40). This effect remained for about 1 h and after 
about 1 h, the amplitude was reduced and the rate of contractions 
continued to decrease. The decrease in amplitude of contractions 
continued and after about 120 min the movements of the worm ceased 
completely. However, on repeated changes of the bath fluid (w), the 
movements of the whole worm restored to normal. This indicates that the 
paralysis was reversible in nature. 
The response of alcohol extract was different in nature on n.m. 
preparation as compared to effect observed on whole worm (Fig. 41). The 
effect of extract in a concentration of 100 ^g/ml was evident after about 
45 min of injection of the drug. It was characterized by decrease in 
amplitude and rate of contractions, tone of contractions being unaffected. 
After about 120 min the amplitude and tone of contractions continued to 
decrease while the rate of contractions suddenly increased resulting in the 
cessation of the worm completely. The movements were however not 
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Fig. 40. Reversible paralysis by 400 }j,g/ml alcohol extract of leaves of T. 
alexandrinum on the spontaneous movements of the whole worm preparation of S. 
cervi. The stimulant effect of the drug was characterized by long-lasting increase in 
amplitude of contractions. No significant change was observed in the tone and rate 
of contractions. 
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Fig. 41. Irreversible inhibition of 100 ^g/ml alcohol extract of leaves of T. 
alexandrinum on the spontaneous movements of the n.m. preparation of 5". cervi. No 
initial stimulation was observed and the effect was evident after few minutes with 
decrease in rate and amplitude of contractions. 
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restored despite repeated changes of the bath fluid (w). This indicates that 
the paralysis induced was irreversible in nature. There was no indication 
of restoration of movements even after 3 h. 
9.3. Effect of aqueous extract of the leaves of T. alexandrinum on 
the spontaneous movements of whole worm and nerve muscle 
preparation of S. cervi 
Addition of 450 |ig/ml aqueous extract to the bath fluid caused an 
immediate initial stimulation characterized by an increase in amplitude 
and decrease in rate of contractions. The tone of contractions was not 
visibly affected to any significant extent initially but it became visible 
after about 130 min of injection of the drug (Fig. 42). The increase in the 
tone of contractions was long-lasting and continued for more than 1 hour. 
After 1 hour the amplitude as well as tone of contractions started 
declining resulted in the paralysis of the worm. However, on repeated 
changes of the bath fluid (w), movements were restored to normal 
indicating that paralysis was reversible in nature. 
The addition of 150 ^g/ml of alcohol extract to the bath fluid 
modified the movements of the n.m. preparation of S. cervi. The effect 
was visible by initial stimulation, which was characterized by increase in 
amplitude and decrease in tone and rate of contractions. This effect was 
continued for more than 2 h. After that the tone, rate and amplitude of 
"•«<U*II(II4!UNO-'-
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Fig. 42. Initial stimulation followed by reversible paralysis by 450 |ig/ml aqueous 
extract of leaves of T. alexandrinum on the spontaneous movements of the whole 
worm preparation of S. cervL Addition of extract in a concentration of 450 pg/ml 
produced a stimulant effect characterized by increase in amplitude and decrease in 
rate of contractions. 
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Fig. 43. Reversible paralysis by 150 fig/ml aqueous extract of leaves of T. 
alexandrinum on the spontaneous movements of the n.m. preparation of S. cervi. 
The aqueous extract produced stimulant effect characterized by increase in 
amplitude and decrease in tone of contractions. 
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Fig. 44. The effect of alcohol and aqueous extracts of the leaves of T. 
alexandrinunt on the survival of microfilariae ofS. cervi in vitro. 
Bar representing standard error of mean [SEM (p value)]. 
P (alcohol) < 0.006, P (aqueous) < 0.002 as compared to 
controlled. 
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contractions started declining and continued to do so till the paralysis of 
the worm. However, on repeated changes of the bath fluid (w) the 
movements of the worm restored to normal, which was characterized by 
increase in amplitude while the tone of contractions failed to attain the 
pre-drug level (Fig. 43). The paralysis induced was reversible in nature. 
9.4. Effect of alcohol and aqueous extracts of the leaves of T. 
alexandrinum on the survival of the microfilariae of S. cervi in 
vitro 
Both alcohol and aqueous extracts of the leaves of T. alexandrinum 
caused concentration related effect on the survival of microfilariae of S. 
cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of the ethanol and aqueous extracts of leaves 
of Trifolium alexandrinum observed for 480 min is shown in Fig. 44. 
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Table. III. Effect of plant extracts on the spontaneous movements of 
the whole worm and nerve muscle preparation ofS. cervi in vitro 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Plant 
Azadirachta indica 
Pluchea lanceolata 
Ixora coccinea 
Ficus racemosa 
Withania somnifera 
Soliva anthemifolia 
G me Una 
phillipinensis 
Lindenbergia indica 
Trifolium 
alexandrinum 
Extract 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Drug concentration (^g/ml) 
Whole worm 
150 
250 
200 
250 
160 
250 
350 
150 
350 
250 
350 
150 
250 
250 
350 
400 
450 
Nerve muscle 
25 
50 
25 
100 
30 
60 
50 
150 
100 
100 
50 
120 
25 
100 
100 
250 
100 
150 
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Table. IV. Effect of plant extracts on the survival of microfilariae of 
S. cervi in vitro 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Plant 
Azadirachta indica 
Pluchea lanceolata 
Ixora coccinea 
Ficus racemosa 
Withania somnifera 
Soliva anthemifolio 
Gmelina phillipinensis 
Lindenbergia indica 
Trifolium 
alexandrinum 
Extract 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Alcohol 
Aqueous 
Lethal concentration 
(ng/ml) 
LC50 
19.5 
33.5 
18.4 
46.2 
20.4 
30.9 
24.8 
44.0 
22.3 
39.8 
23.8 
41.6 
22.3 
28.7 
27.5 
41.2 
28.2 
50.1 
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DISCUSSION 
The observations indicate that recording of spontaneous 
movements of the whole worm and nerve muscle (n.m.) preparation of 
Setaria cervi is an easy, convenient and reliable method to observe the 
effect of drugs on muscle tone, rate and force of contractions. Such study 
not only provides information regarding lethal or paralyzing effect of 
drugs but also gives an insight into the mechanism of action. Besides 
macro and microfilaricidal activity resulting from direct lethal effect, the 
drug may cause inhibition of enzymes, blockade of nutrient uptakes, 
reversible and irreversible paralysis of the parasite. 
1. Effect of Azadirachta indica extracts on Setaria cervi in vitro 
Setaria cervi whole worm as well as n.m. preparation reacts to A. 
indica extracts (aqueous and alcohol) almost in the same way as it does to 
diethylcarbamazine a known antifilarial agent. The effect on whole worm 
was characterized by initial stimulation, followed by paralysis, while on 
n.m. preparation, the effect was only paralysis. The paralysis induced by 
A. indica extracts was concentration related and reversible. 
Diethylcarbamazine too cause reversible paralysis'^'^ or little or no effect 
on the adult worm in vitro . The nerve muscle preparation of S. cervi 
reacted to 5 times less concentration of A. indica aqueous and 6 times less 
concentration to its alcohol extract demonstrating the effectiveness of 
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cuticular barrier to foreign molecules. In addition to increased 
responsiveness of the n.m. preparation, there was a qualitative change in 
the response as well. The stimulation alone in small concentration or 
initial stimulation followed by paralysis observed with the adult worm 
was not obtained with any dose level in the n.m. preparation and the 
effect was characterized by only paralysis. The stimulant effect observed 
in the whole worm is possibly due to irritation, which can occur when the 
worm is intact and cuticular barrier is stimulated by A. indica extracts. 
Both aqueous and alcohol extracts of flowers of A. indica caused 
concentration related effect on the survival of microfilariae of S. cervi. 
Both extracts had nearly similar lethal effect on the microfilariae, 
indicating that, active ingredients responsible for the death of 
microfilariae is extracted almost equally in water and alcohol. If this 
concentration can be presented to circulating or tissue microfilariae, these 
extracts could be used as usefiil tool for controlling microfilaria! 
population in the host. 
2. Effect of Pluchea lanceolata extracts on Setaria cervi in vitro 
It is interesting to note that the effect of P. lanceolata extracts 
(alcohol and aqueous) on both whole worm and n.m. preparation was 
reversible paralysis. Whole worm movements were stimulated initially by 
both alcohol and aqueous extracts, whereas a stimulatory action on the 
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n.m. preparation was only obtained with the aqueous extract. On the n.m. 
preparation the alcohol extract produced only paralysis without the initial 
stimulation. The response (i.e. initial stimulation followed by paralysis) 
of Setaria to the leaves and stem extract of P. lanceolata observed in the 
present study resembles diethylcarbamazine (DEC), a known antifilarial 
agent. Bath applied diethylcarbamazine, in that low doses caused short 
lasting stimulation characterized by increase in amplitude followed by 
paralysis. Diethylcarbamazine has also been shown to decrease the 
glucose uptake by the adult worm of S. cervi suspended in- modified 
Ringer's solution " . Further DEC produces reversible dose dependent 
deplorization of the membrane potential by antagonizing voltage sensitive 
K* conductance in the muscle . The effect of DEC on filarial parasite is 
said to be obscure''*^. However, DEC does not kill the microfilariae in 
circulation but sensitizes the microfilariae to the action of fixed 
macrophages, which kill them '. 
The alcohol and aqueous extracts of leaves and stem of P. 
lanceolata reduced the survival time of microfilariae of S. cervi in a 
concentration related manner. If this concentration can be presented to the 
microfilariae in vivo, the extracts of P. lanceolata can provide herbal 
remedy for the treatment of filariasis. 
66 
3. Effect of Ixora coccinea extracts on Setaria cervi in vitro 
It is interesting to note that the effect of alcohol and aqueous 
extracts of flowers of /. coccinea had activities different in nature from 
each other suggesting involvement of more than one active principle in 
the causation of action. The aqueous extract of flowers of/, coccinea did 
not show any effect on the movements of whole worm, while the aqueous 
extract of flowers produced inhibition of the movements of the n.m. 
preparation of 5. cervi followed by reversible paralysis. It is possible that 
the aqueous extract was not able to permeate through cuticular barrier in 
the intact worm. When this is removed as in the case of n.m. preparation, 
the effect is manifest. 
This is seen with many substances including neurotransmitters in 
Setaria^'^^. The alcohol extract of flowers of/, coccinea produced initial 
stimulation of the movements followed by paralysis of the whole worm, 
while in the case of n.m. preparation, no initial inhibition was observed 
with both the extracts (alcohol and aqueous). In both the cases response 
was observed after an interval of time. 
We may discount the initial stimulant effect of both the extracts 
(alcohol and aqueous) of flowers of/ coccinea, as this is not manifest on 
the n.m. preparation. In n.m. preparation the drug is in direct contact with 
n.m. complex of Setaria. May be the initial stimulation observed on the 
67 
whole worm is due to the irritant effect on cuticle as has been seen with 
other substances as well, which cause irritation to the worm'''^. 
It is likely that the response to a substance is similar in activity to 
diethylcarbamazine (DEC), a known antifilarial agent''". Flower extracts 
of/, coccinea may provide a chemical lead for the isolation and synthesis 
of new derivatives, which might prove to be potential antifilarial agents. 
4. Effect of Ficus racemosa extracts on Setaria cervi in vitro 
It is interesting to note that effect of aqueous extract of fruits off. 
racemosa on both the whole worm and the n.m. preparation was 
reversible in nature, where as the alcohol extract produced irreversible 
paralysis of the S. cervi n.m. preparation. This indicated that the extract 
was different in nature from aqueous, and contains substances, which 
have irreversible effect. Aqueous extract did not show any significant 
effect on the whole worm preparation of 5. cervi as the effect was evident 
after few minutes of the injection of the drug which was characterized by 
short-lasting increase in amplitude and tone of contractions. Alcohol 
extract produced initial stimulant effect on the whole worm followed by 
reversible paralysis but on the n.m. preparation, it produced no initial 
stimulation followed by irreversible paralysis. However, the addition of 
Ach and CaCl2 during paralysant phase caused short-lasting stimulant 
effect seen only as a spike. This is clearly suggesting cuticular 
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permeability barrier. The effect therefore could be due to partial blockade 
of acetylcholine (Ach) receptors but not due to blockade of calcium 
channels'"* .^ 
The other possibility is that the extract contains a substance which 
mimics the effect of 5-hydroxytryptamine (5-HT). The effect of 5-HT is 
not characterized by an initial stimulation. Similarly, y- aminobutyric acid 
(GABA) does not cause an initial stimulation before paralyzing the worm 
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preparation . 
The initial stimulation followed by paralysis is a response similar 
I l A 
to that produced by diethylcarbamazine (DEC), an antifilarial agent . 
Bath applied with diethylcarbamazine produced an initial short-lasting 
stimulation of the movement of the n.m. preparation of S. cervi followed 
by irreversible paralysis. Diethylcarbamazine has also been shown to 
decrease the glucose uptake by the adult worm of S. cervi suspended in 
modified Ringer's solution "'^ . It cannot be predicted whether DEC ever 
reaches the adult worm, but there is presumptive evidence that DEC 
sterilizes the adult worm and even cause paralysis and may cause death. 
However, it is the microfilariae which lives in circulation are exposed to 
the drug. DEC does not kill the microfilariae in circulation but sensitizes 
the microfilariae to the action of fixed macrophages, which kill them''*^ 
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On the microfilariae of the S. cervi, alcohol extract of the fruits of 
F. racemosa reduced the survival time in a concentration related manner. 
If this concentration can be presented to the microfilariae in vivo, the 
extracts could be useful tool for the treatment of filariasis. 
5. Effect of Wlthania somnifera extracts on Setaria cervi in vitro 
It is interesting to note that the effect of the aqueous extract of 
leaves of W. somnifera on the whole worm and n.m. preparation was 
reversible, as repeated flushing of the bath fluid restored the 
movements. The irreversible paralysant effect of the alcohol extract of 
the leaves of W. somnifera on the whole worm and n.m. preparation 
indicated that the extract was different from aqueous extract and 
contains substances which have an irreversible effect. 
The aqueous extract of leaves of W. somnifera caused initial 
stimulation followed by reversible paralysis while in the case of 
alcohol extract of leaves of W. somnifera, initial stimulation was absent 
which was followed by irreversible paralysis. It may be inferred that 
the plant contains at least two distinct active ingredients. One causing 
initial stimulation followed by reversible paralysis and the other 
causing stimulation followed by irreversible paralysis. During the 
phase of paralysis, the stimulation effect of acetylcholine to the bath 
fluid produced its response indicating that effect was due to blockade 
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of cholinergic recepters or blocicade of calcium channel in the whole 
worm or n.m. preparation of S. cerv/'"^. It is likely that the response to 
a substance is similar in activity to diethylcarbamazine (DEC), a 
known antifilarial agent . DEC antagonizes a voltage sensitive K^ 
conductance . 
On the microfilariae, both the extracts of W. somnifera reduced 
the survival time in a concentration related manner. The extracts of 
leaves of W. somnifera may provide a chemical lead for the synthesis 
of new derivatives that might prove to be potential antifilarial agent. 
6. Effect of Soliva anthemifolia extracts on Setaria cervi in vitro 
It is interesting to note that the effect of the aqueous extract of 
aerial parts of S. anthemifolia on both the whole worm and the n.m. 
preparation was reversible in nature, whereas the alcohol extract 
produced irreversible paralysis of the Setaria n.m. preparation. Alcohol 
extract did not show any significant effect on the whole worm of S. 
cervi. This clearly indicates that both extracts were having different 
effecting substances. Aqueous extract produced stimulant effect on the 
whole worm as well as n.m. preparation, which was followed by 
reversible paralysis. On the other hand no initial stimulation Vv^as 
observed by alcohol extract on the whole worm preparation of .S". cervi. 
This clearly suggested cuticular permeability barrier. 
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The other possibility is that the response of Sataria to the extract 
of S. anthemifolia observed in the present study resembled 
diethylcarbamazine (DEC)'^^, a known antifilarial agent, in that low 
doses caused stimulation characterized by increase in amplitude 
followed by paralysis. 
On the microfilariae of the S. cervi, alcohol extract of the aerial 
parts of S. anthemifolia reduced the survival time in a concentration 
related manner. Although the response of S. anthemifolia extracts and 
DEC were sim.ilar in in vitro preparation of Setaria, it can be 
concluded that, S. anthemifolia possesses antifilarial activity, which 
can be potentially useful clinically. 
7. Effect of Gmetina phiUipinensis extracts on Setaria cervi in 
vitro 
It is interesting to note that the effect of alcohol and aqueous 
extracts of flowers of G. phiUipinensis had activities different in nature 
from each other suggesting involvement of more than one active principle 
in the cessation of action. 
Both the extracts did not show any significant effect on the 
movements of S. cervi, however the effect of alcohol extract was evident 
after an interval of time with no initial stimulation. While in the case of 
aqueous extract the initial stimulation was observed. Both the extracts 
72 
(alcohol & aqueous) were same in respect of paralysis. The paralysis 
caused was reversible, as repeated washings restored the movements to 
normal. The difference was apparent according to the extract used i.e. 
alcohol & aqueous. The other possibility is that the extract contains a 
substance, which mimics the effect of 5- hydroxytryptamine (5-HT). The 
effect of 5-HT is not characterized by an initial stimulation. Similarly, y-
aminobutyric acid (GABA) does not cause an initial stimulation before 
paralyzing the worm preparation''*''. The initial stimulation followed by 
paralysis is a response similar to that produced by diethylcarbamazine 
(DEC)'^^, an active antifilarial agent. 
On the microfilariae of S. cervi both the extracts of G. 
phillipinensis reduced the survival time in a concentration related manner. 
The flower extracts of G. phillipinensis may provide a chemical lead for 
the synthesis of new derivatives that might be potential antifilarial agents. 
8. Effect of Liiulenbergia indica extracts on Setaria cervi in vitro 
It is interesting to note that the effect of alcohol and aqueous 
extracts of leaves of L. indica on the whole worm and nerve muscle 
(n.m.) preparation was reversible in nature as repeated flushing of the 
bath fluid restored the movements. Both the extracts caused an initial 
stimulation effect on the worm in whole worm and nerve muscle 
preparations. The effect was evident immediately and was characterized 
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by an increase in amplitude of contractions. The paralysis induced by L. 
indica extracts was concentration related and reversible. 
Diethylcarbamazine (DEC) too causes reversible paralysis'^^ or little or 
no effect on the adult worm in vitro^^'^. 
On the microfilariae of S. cervi both the extracts of L. indica 
reduced the survival time in a concentration related manner. The leaves 
extracts of Z. indica may provide a chemical lead for the synthesis of new 
derivatives, which might prove to be potential antifilarial agents. 
9. Effect of Trifolium alexandrinum extracts on Setaria cervi in 
vitro 
The alcohol and aqueous extracts of the leaves of T. alexandrinum 
produced a concentration related inhibition of spontaneous movements of 
both the preparations (whole worm & nerve muscle). It is interesting to 
note that the effect of the aqueous extract on both the whole worm and 
n.m. preparation was reversible, whereas the alcohol extract produced 
irreversible paralysis on the n.m. preparation of Setaria cen>i. Whole 
worm movements were stimulated initially by both the alcohol and 
aqueous extracts, whereas a stimulatory action on the n.m. preparation 
was only obtained with the alcohol extract. The response of Setaria to the 
leaves extracts of T. alexandrinum observed in the present study 
resembles diethylcarbamazine (DEC), in that low doses cause stimulation 
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characterized by an increase in amplitude followed by paralysis'^^. DEC 
antagonizes a voltage sensitive K^ conductance''*'. 
On the microfilariae of S. cervi, both the extracts of T. 
alexandrinum reduced the survival time in a concentration related 
manner. The observations indicate that, recording of spontaneous 
movements of the whole worm & nerve muscle preparation of 5. cervi, is 
an easy, convenient and reliable method to study the efficiency of 
antifilarial drugs. It not only provides information regarding lethal or 
paralyzing effect of the drugs but also gives an insight into the 
mechanism of action. 
Rationale for choice of plants and fractions for study 
The choice of plants for detailed study was mainly based on the 
availability of plant material. Apart from local availability, Lindenbergia 
indica and Trifolium alexandrinum showed reasonable activity, 250 
)ig/ml alcohol, 350 |ig/ml aqueous extract for whole worm & 100 fig/ml 
alcohol, 250 )iig/ml aqueous extract for nerve muscle preparation ; 400 
|ig/ml alcohol, 450 |ig/ml aqueous extract for whole worm & 100 jig/ml 
alcohol, 150 |ig/ml aqueous extract for nerve muscle preparation, 
respectively. And hence these plants were selected for more detailed 
study. 
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EXPERIMENTAL 
1. Collection of Setaria cervi 
S. cervi has been shown to bear close similarity to human filarial 
worms in its response to drugs'°''^''^. The present study was designed to 
observe the effect of aqueous and alcohol extracts of A. indica, P. 
lanceolata, I. coccinea, F. racemosa, W. somnifera, S. anthemifolia, G. 
phillipinensis, L. indica and T. alexandrinum on the spontaneous 
movements of the whole worm and nerve muscle (n.m.) preparation of 5. 
cervi, a filarial worm of cattle''''''"'^. Motile adult S. cervi (Nematoda: 
Filarioidea) of average length (6.0 ± 1.0 cm) and of average weight (35 ± 
6.0 mg) were obtained from the freshly slaughtered cattle {B. bubalus 
Linn.) (Fig. 45). It was stored in a vacuum flask containing modified 
Ringer's solution (NaCl 9g, KCl 0.42 g, NaHC03 0.5g, CaCh 0.42 g, 
glucose 0.25 g in 1 liter distilled water) at 37 °C'''*'. The time between the 
removal of the worms from the host to the laboratory was less than 3 
hours. In the laboratory, the worms were repeatedly washed with the 
same solution to free them of any extraneous material. 
2. Whole worm preparation 
In a preliminary study, an attempt was made to determine optimum 
conditions, which would ensure a fairly long period of survival of the 
worms. Adult worms were placed in 100 ml of Ringer's solution in a 
Fig. 45. Shows male and female adult S. cervi. Worms are dull white in 
colour. The body, in both sexes is cylindrical but tapers 
gradually towards the extremities, the anterior and is straight 
and blunt, while the tail is more or less coiled. 
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beaker and observed. Over 90% of the worms were found dead at the end 
of 24 hours. Aeration of the fluid was then attempted and it was observed 
that slow and continuous streaming either of air or oxygen through the 
fluid did not favourably effect the survival of the worms. It was then 
concluded that a continuous replishment of the nutrients and removal of 
the metabolites may have a favourable effect. The following experiment 
was, therefore devised. 
Dale's organ bath of 20 ml capacity and fitted with a frontal 
writing lever suitably counterpoised to exert a 0.25 gm tension on the 
worm, was set up for recording the worm motility. The bath was filled 
with freshly prepared modified Ringer's solution. A thread was tied at the 
either end of the worm. The posterior end was tied to a hook at the 
bottom of the bath. The anterior end was attached to the writing lever. 
The temperature of the bath was maintained at 37*C. Air or oxygen was 
not bubbled through the solution, as it did not improve the motility of the 
worm. Spontaneous movements of the worms were recorded on a slow 
moving drum''' (Fig. 46a, b). About 15 min were allowed for the 
movements of the v/orm to stabilize before adding a drug. The effect of 
drugs on the worms, in the set-up described above was studied by adding 
the drugs to fluid in increasing concentrations. Each concentration of a 
drug was allowed to act for 15 min, if there was no response it was 
Fig. 46a. Assembly for recording of contractions of isolated tissues. 
Fig. 46b. Assembly for recording of contractions of isolated tissues. 
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considered inactive. A fresh worm was used to test each concentratiop of 
the extract. This precaution was taken to avoid a cumulative response of 
the residual drug in the worm. 
3. Nerve muscle preparation 
The cuticula, subcuticula and musculature collectively constitute 
the body wall in S. cervi. The cuticle is eight layered and its thickness 
varies from 2-7 [i in various regions of the body. The subcuticula is a 
syncytial layer made up of fine sheet of protoplasm containing granular 
substance and ranging from 5-16 \i in thickness. With the absence of 
subcuticula in the anterior and the posterior regions of the body, the 
muscles are in direct contact with the cuticle. A drug added to the bathing 
fluid has thus to cross the cuticle and the subcuticula to reach the 
underlying layer of the muscular cells. 
A worm was placed in a petri-dish containing modified Ringer's 
solution. Two mounted dissecting needles were inserted into the worm, 
the cuticle was torn apart in one smooth longitudinal section. The 
intestine and the uterus were severed at both ends and gently pulled out. 
The anterior V2 inch of the worm was cut off to eliminate the influence of 
the nerve ring and the cephalic ganglia. The remaining part was tied at 
either end and suspended in an isolated organ bath containing modified 
Ringer's solution at 37 °C . This preparation has been termed as "nerve-
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muscle preparation". The preparation includes the cuticle and the 
subcuticula, which have been split apart and no longer present a 
permeability barrier to the drugs added to the bath. The spontaneous 
rhythmical movements of the nerve-muscle preparation were recorded on 
a slow moving kymograph. At least fifteen minutes were allowed for the 
preparation to stabilize before adding a drug. The drug was classified as 
inactive if it did not modify the muscle contractions after remaining in 
contact for 15 minutes. 
4. Collection of microfiiariae 
The uterus of a female 5. cervi was cut at its junction with the 
vagina and just below the bifurcation and removed from the worm. The 
uterus was teased with a needle in the suspending media and microfilariae 
were freed (Fig. 47). In a preliminary experiment, 0.1 ml of larva! 
suspension vv'as placed in the well of VDRL plate. Alcohol an aqueous 
extracts of each plant in increasing concentrations ranging from 5 ng/ml 
to 50 ng/ml was added to larval suspension in each well separately. One 
well was kept as control . The larvae from each well were examined at 
regular interval starting from 30 min till 6 h. This experiment provided us 
an approximate LD50. 
To determine exact LD50, 5 concentrations from the above 
experiment were selected which were close to approximate LD50 value. 
Fig. 47. Dissection of female Setaria to obtain microfilariae EX utero 
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These were tested in five samples of larval suspension for each 
concentration. To determine whether the plant extract caused death or just 
paralyzed the larvae, the suspending media v.'as changed with serum, 
Ringer's solution and observed for further 2 h. If the larvae showed no 
signs of motility they were considered as dead. 
The observed percentage of mortality was converted to probit and 
values thus obtained were plotted against log concentration. The LD50 and 
standard error were determined from the graph. 
5. Extraction of plant material 
The plant material was collected from the Regional Research 
Institute of Unani Medicine, Aligarh Muslim University, Aligarh. 
In a typical procedure for extraction of fresh plant material of A. 
indica, P. lanceolata, I. coccinea, F. racemosa, IV. somnifera, S. 
anthemifolia, G. phillipinensis, L. indica and T. alexandrinuuu 250 g of 
each plant was defatted with petroleum ether and extracted with 500 ml 
of ethanol thrice. The combined ethanol extract was concentrated in 
vacuum and the residue was used for testing. The aqueous extracts were 
prepared from 250 g of each plant material by cold extraction with 
distilled water. The aqueous extract was concentrated in vacuum and the 
residue was used for testing. 
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For preliminary screening of antifilarial activity with the residues 
obtained from ethanol and water extracts, weighed quantity of residues 
was dissolved in respective solvents (ethanol or water) and made to a 
concentration of 500 (ig/ml. For further studies the solutions were diluted 
adding more solvents to get the solutions of a particular concentration. 
The plants and parts of plant used for extraction are indicated in Table. V. 
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Table. V. The plants and parts of plant used for extraction. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. ' 
7. 
8. 
9. 
Plant 
Azadirachta indica 
Pluchea lanceolata 
Ixora coccinea 
Ficvs racemosa 
Withania somnifera 
Soliva anthemifolia 
Gmelina phillipinensis 
Lindenbergia indica 
Trifolium 
alexandrinum 
Plant Parts 
Flower 
Leaves & 
stem 
Flower 
Fruit 
Leaves 
Aerial part 
Flower 
Leaves 
Leaves 
Activity of Extracts 
Aqueous 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Alcohol 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
( + : Positive Activity) 
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T\)^ p(;^tocoHStitueHts of t(;e 
[eaz;es of Ljndenbergk mdka 
and tlf;e antifiiarki activity of 
Tl^ytoconstituents and fractions 
obtained from aicol^^oi extract 
INTRODUCTION 
The antifilarial activity of alcohol and aqueous extracts of 
Lindenbergia indica (L.) (Scrophulariaceae) has already been reported in 
Chapter I. This chapter deals with the antifilarial activity of various 
fractions obtained from alcohol extract. 
Phytochemical studies of Lindenbergia indica reveal the presence 
of two saponins' (a, L-rhamnopyranosyl (1-^4) P-D-glucopyranosyl 
(l->3) sitosterol and a, L-rhamnopyranosyl (l->5) a. 
L-arabinofluranosyl (l->3) sitosterol), friedelan-3-P-ol (I), oleanolic 
acid (II) and flavonoids , 7- hydroxy flavone (III) and quercitrin (IV). 
(I) 
COOH 
(II) 
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OBSERVATIONS 
The air dried leaves (3 kg) of Lindenbergia indica were extracted 
with ethanol, exhaustively. The crude extract was evaporated in vacuum 
to yield dark brown crude product (180 g). The crude product was 
fractionated with petrol, chloroform, ethylacetate, acetone and methanol 
till the solvent in each case was almost colourless. 200 mg of each 
fraction were taken for testing antifilarial activity. The fractions were 
then checked on TLC in different solvent systems and similar fractions 
were mixed. 
Ethylacetate and acetone fractions were mixed together after 
showing similar components on TLC examinations. It gave orange colour 
with Mg-HCl indicating thereby the presence of flavonoids. The 
combined fractions were evaporated in vacuum to yield (50 g) of dark 
brown crude product, which was adsorbed on silica gel and after column 
chromatography (CC), preparative thin layer chromatography (PTLC) 
and crystallization gave 2 compounds labelled as LIV-1 and LIV-2. 
LIV-1 Vk'as eluted from the column with benzene-ethylacetate (8:2) 
as yellow amorphous powder (50 mg). It was further purified by PTLC 
Benzene : Pyridine : Formic acid (B:P:F, 36:9:5), Rf= 0.65) and 
crystallized from ethanol to yield (20 mg) more pure form of compound. 
M.p.= 336 °C (decomp.), it gave positive test of flavonoid i.e., orange 
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colour with Mg-HCl, black spot with ale. FeCls, brown spot with I2 and 
brown under UV light on TLC plate. The IR spectrum showed broad 
band at 3279 cm"' (OH) and two absorption bands at 1655 and 1608 cm' 
for an a-p-unsaturated ketone. The IR analysis and integration of its 'H 
NMR (Fig. 1, Table. I) agreed with the molecular formula C15H10O5. 
From the above data and their direct comparision with an authentic 
sample, LIV-1 was identified as apigenin (5, 7, 4'- trihydroxy flavone)^ "''"^  
(I). Occurrence of this compound from this plant has been reported 
earlier^. 
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Table. I. 'H N M R data of LIV-I. 
Assignment 
H-6 
H-8 
H-3 
H-3', 5' 
H-2', 6' 
Signals (5 ppm) 
6.244 (d, J =1.9 Hz, IH), 
6.529 (d, J =1.9 Hz, IH), 
6.627 (s, IH), 
7.016 (d, J = 8.8 Hz, 2H), 
7.934 (d, J =8.8 Hz, 2H). 
LlV-2 was eluted from the column with benzene-ethylacetate (8:2) 
as yellow amorphous compound (35 mg). This was further purified by 
PTLC in Benzene : Pyridine : Formic acid (B:P:F, 36:9:5), Rf = 0.62 and 
crystallized from ethanol to yield (18 mg) more pure form of compound. 
M.p.> 300 °C, black spot with ale. FeCls, orange colour with Mg-HCl 
(flavonoid +ve), brown with I2 and brown under UV light on TLC plate. 
The IR spectrum showed broad band at 3457 cm'' (OH) and two 
absorption bands at 1657 and 1614 cm' for an a-p-unsaturated ketone. 
The IR analysis and integration of its 'H NMR (Fig. 2, Table. 11) agreed 
with the molecular formula C15H10O6. 
From the above data and their direct comparision with an authentic 
sample, LIV-2 was identified as luteolin (5, 7, 3', 4'- tetrahydroxy 
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\3,5,7 flavone) (II). Occurrence of this compound from this plant has been 
reported earlier . 
Table. II. 'H N M R data of LIV-2. 
Assignment 
H-6 
H-8 
H-3 
H-5' 
H-6' 
H-2' 
Signals (5 ppm) 
6.24 (d, J =1.9 Hz, IH), 
6.518 (d, J =1.9 Hz, IH), 
6.577(8, IH), 
6.992 (d, J = 8.2 Hz, IH), 
7.466 (dd, J =2.1 & 10 Hz, IH), 
7.446 (d,J= 2.1Hz, IH). 
The petrol fraction on vacuum evaporation yielded (80 g) of dark 
green crude substance. The crude product was adsorbed on silica gel and 
after column chromatography (CC) and crystallization gave one 
compound labelled as LIV-3. 
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LIV-3 was eluted from the column with chloroform-ethylacetate 
(CHCI3 : EtOAc, 1:1) and EtOAc as white amorphous solid (80 mg), and 
crystallized from methanol to yield more pure compound (60 mg), Rf= 
0.34 (Chloroform : Methanol, 10:1). M.p. = 279-280°C, brown spot with 
iodine on TLC, fluorescent under UV light, no spot with ale. FeCls, dark 
purple colour with 20 % perchloric acid on TLC on heating. IR spectrum 
showed a broad band at 3399 cm"\ 
The ' H N M R spectrum (Fig. 3 & Fig. 4) of LIV-3 shows sugar 
protons (5 3.076 to 5 4.911), methylene envelope (5 0.727 to 5 1.038) and 
methyl protons (5 1.138 to 5 2.425). On the basis of spectral data LIV-3 
was partially characterized as sitosterol-p-D-glucoside (III), which has 
not been reported from this plant earlier. The m.p. of LIV-3 is 279-280 
°C (reported : 280-283 °C)^ 
GIcO 
(III) 
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The methanol fraction was evaporated in vacuum to yield 43 g of 
dark brown crude product. This was adsorbed on silica gel and after 
column chromatography (CC) and crystallization gave one compound 
labelled as LIV-4. 
LIV-4 was eluted from the column with chloroform-methanol 
(75:25, 1:1) as a dull white semi crystalline solid (120 mg), and was 
further crystallized and recrystallized from methanol as white crystalline 
compound (100 mg), Rf= 0.69 (n-Butanol : Acetic acid : H2O, 4:1:1). 
M.p.= 137-140 °C, no spot with ale. FeCb, dark purple colour with 20 % 
perchloric acid on TLC on heating. 
The 'H N M R spectrum (Fig. 5) of LIV-4 shows sugar protons (6 
3.313 to 5 4.913). On the basis of ' H NMR and IR analysis LIV-4 was 
partially characterized as a monosaccharide. 
LIV-5 was eluted from the column with methanol-H20 (6:4) as a 
dark brown gummy mass (15 g). which was directly used for testing. 
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1. Antifilarial activity of different fractions of Lindenbergia indica 
obtained by solvent fractionation 
1.1. Effect of petrol extract of the leaves of L. indica on the 
spontaneous movements of whole worm and nerve muscle 
(n.m.) preparation of 5. cervi 
No significant response was observed on the whole worm by the 
petrol extract of the leaves of Z. indica. The extract produced an increase 
in amplitude and tone of contractions, which was evident just after the 
addition of the drug (Fig. 6). The rate of contractions remained 
unaffected. It took about 20 min for a concentration of 100 |ig/ml to 
completely paralyze the whole worm preparation. The movements were 
however not restored to normal even after the repeated washings of the 
bath fluid (w). This means that the paralysis induced was irreversible in 
nature. 
The response of the petrol extract on the n.m. preparation was quite 
interesting as compared to the response shown in case of whole worm 
preparation. The effect was evident immediately after the addition of the 
drug at a concentration of 30 (ig/ml and was characterized by the 
complete paralysis of the worm. The paralysant phase was observed for 
more than 60 min, while on repeated washings of the bath fluid (w) the 
movements of the n.m. preparation restored to normal. This indicates that 
paralysis caused was reversible in nature (Fig. 7). 
lOO^ia/m 
t t 
^ mm. I')()min. w 
Fig. 6. Irreversible paralysis by 100 |ag/ml petrol extract of leaves of L. indica on 
the spontaneous movements of the whole worm preparation of S. cervi. The 
stimulant effect of the drug was characterized by short-lasting increase in 
amplitude and tone of contractions followed by cessation of the worm movements 
in only 20 minutes. 
t T 
( i l l l U l I I . 
Fig. 7. An interesting response of the petrol extract at a concentration of 30 ^g/ml 
of leaves of L. indica on the spontaneous movements of the n.m. preparation oiS. 
cervi. The effect was evident immediately after the addition of the drug resulting 
in the cessation of the worm. On repeated washings of the bath fluid (w) the 
movements were restored to normal indicating reversible nature of paralysis. 
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1.2. Effect of chloroform extract of the leaves of L. indica on the 
spontaneous movements of whole worm and nerve muscle 
(n.m.) preparation of 5". cervi 
A typical response of chloroform extract of the leaves of L. indica 
on the spontaneous movements of the whole worm is shown in Fig. 8. 
Addition of extract in a concentration of 40 jig/ml showed immediately 
the cessation of the worm. This remained only for few minutes. After 
about 10 min the amplitude and rate of contractions increased, while the 
tone remained unaffected. After 30 min, the movements of the worm 
ceased completely and continued for about 45 min. However, on repeated 
changes of the bath fluid (w), the movements of the worm were slowly 
restored to normal. This indicates that the paralysis induced was 
reversible in nature. 
On the n.m. preparation the effect of the chloroform extract was 
manifested at a concentration as low as 15 |ig/ml of bath fluid. The 
chloroform extract produced decrease in spontaneous movements 
characterized by decrease in amplitude, rate and tone of contractions. The 
effect was evident immediately after the addition of the drug (Fig. 9). It 
took about 20 min for a concentration of 15 i^ g/ml to completely paralyze 
the n.m. preparation. The paralysis caused was partially reversed by 
repeated changes of the bath fluid (w). However, the movements of the 
n.m. preparation failed to attain pre-drug level. There was no indication 
min 
T 
40ng/ml 
rt^A^nilMV-
mm I 
T 
25min. 
Fig. 8. Reversible paralysis by 40 [ig/ml chloroform extract of leaves of L. indica 
on the spontaneous movements of the whole worm preparation of S. cervL A 
typical response was observed when the drug was added which was characterized 
by immediate cessation of the worm. After 10 min, the amplitude and rate of 
contractions increased while the tone of contractions remained unaffected 
followed by reversible paralysis. 
mm. 
- - A J V I A 
t T T Cacu 
2hi.Ach.(5n>i'ml 
Fig. 9. The partially reversible paralysis by 15 i^g/ml chloroform extract of leaves 
of L indica on the spontaneous movements of the n.m. preparation of S. cervi. 
Chloroform extract caused reduction in tone, rate and amplitude of contractions. 
Addition of acetylcholine (Ach) and CaCh to the bath fluid could elicit the 
response. 
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of restoration of movements even after 2 h. Addition of acetylciioline 
(Ach) and CaCl2 (both stimulants) to the bath fluid elicited their response. 
1.3. Effect of ethylacetate and acetone extract of the leaves of L. 
indica on the spontaneous movements of whole worm and 
nerve muscle (n.m.) preparation of .S. cervi 
A typical response of the ethylacetate and acetone extracts of the 
leaves of L. indica on the spontaneous movements of the whole worm of 
S. cervi is shown in Fig. 10. The effect was evident just after the addition 
of the extract in a concentration of 150 }ig/ml, which was characterized 
by decrease in amplitude and tone of contractions. The effect continued 
till the paralysis of the whole worm preparation. It took about 2 h for this 
concentration to completely paralyze the worm. However, with repeated 
changes of the bath fluid (w), the movements of the whole worm 
preparation were restored to normal. This indicates that the paralysis 
caused was reversible in nature. 
A typical response of the extract of the leaves of L. indica on the 
spontaneous movements of the n.m. preparation of S. cervi is shown in 
Fig. 11. Addition of extract in a concentration of 80 ^g/ml to the bath 
fluid caused a little increase in amplitude and tone of contractions. The 
rate of contractions was however not affected. The effect was evident 
immediately after the addition of the drug but became highly significant 
after about 45 min, which was characterized by high increase in 
^^WrfU^>^«>i*' 
niin.l 
t 
l-^o^ig nil 
\\\w¥[%^ 4ikt«W' 
i i i fd. 
t 
)2l)„iiii. 
t T 
« lu--
Fig. 10. Reversible paralysis by 150 |ig/ml extract (ethylacetate & acetone) of 
leaves of I . indica on the spontaneous movements of the whole worm preparation 
of S. cervL The initial stimulant effect of the drug was characterized by long-
lasting decrease in amplitude and tone of contractions followed by cessation of 
the worm movements. 
nOnnn, Kidiiiin ^^  
Fig. 11. A typical response of extract (ethylacetate & acetone) of leaves of L. 
indica at a concentration of 80 p.g/ml on the spontaneous movements of the n.m. 
preparation of S. cervi. The effect was characterized by small increase in 
amplitude and tone of contractions, which after 90 min started declining 
resulting in the cessation of the worm. On rcTpeatcA washings of bath fluid (w) the 
movements were restored to normal indicating reversible nature of induced 
paralysis. 
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amplitude and tone of contractions. The increase in amplitude continued 
for nearly 90 min and after that the rate, tone and amplitude of 
contractions started declining and followed by cessation of the worm 
movements. The worm continued to remain paralyzed for more than 2 h. 
However, with repeated changes of the bath fluid (w), the movements of 
the worm restored to normal. This indicates that paralysis caused was 
reversible in nature. 
1.4. Effect of methanol extract of the leaves of L. indica on the 
spontaneous movements of whole worm and nerve muscle 
(n.m.) preparation of 5". cervi 
The response of methanol extract on the whole worm preparation 
was quite similar to that as observed in case of ethylacetate and acetone 
extract on the n.m. preparation of S. cervi. The effect was evident 
immediately after the addition of the drug. Addition of the extract in a 
concentration of 180 ^g/ml to the bath fluid caused an increase in the 
amplitude of contractions. After about 90 min the tone of contractions 
started increasing and remained up to 2 h. The rate of contractions 
remained unaffected. After 2 h the movements of the worm ceased 
completely which continued for more than 4 h. The movements were 
however restored to normal on repeated changes of bath fluid (w). This 
indicates that the paralysis induced was reversible in nature (Fig. 12). 
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Fig. 12. Reversible paralysis by 180 \ig/n\\ methanol extract of leaves of L. indica 
on the spontaneous movements of the whole worm preparation of 5. cervi. The 
methanol extract produced initial stimulation characterized by increase in 
amplitude of contractions. The rate of contractions remained unaffected while 
tone of contractions decreases resulting in the cessation of the worm. The 
paralysis induced was reversible in nature on repeated changes of the bath fluid 
(w). 
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Fig. 13. The reversible paralysis by 100 fig/ml methanol extract of leaves of L. 
indica on the spontaneous movements of the n.m. preparation of S. cervi. The 
initial stimulant effect of the drug was characterized by short-lasting increase in 
amplitude and tone of contractions followed by cessation of the worm movements 
in about 1 hour. 
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Fig. 14. The effect of different crude extracts of the leaves of Z. indica on 
the survival of microfilariae of 5". cervi in vitro. Bar representing 
standard error of mean [SEM (p value)]. 
P (Petrol) < 0.001, P (Chloroform) < 0.002, P (Ethylacetate + 
acetone) < 0.005, P (MeOH) < 0.002 as compared to controlled. 
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The addition of 100 |ig/ml of the extract to the bath fluid modified 
the movements. The response was characterized by initial stimulation 
followed by paralysis. The initial stimulator}' effect was characterized by 
an increase in tone and amplitude of contractions, while the rate of 
contractions was unaffected. The increase in amplitude was observed 
only for few minutes. After about 30 min, the amplitude, tone and rate of 
contractions started declining and remained for more than 1 hour until the 
worm was ceased completely. The paralysant phase remained for more 
than 90 min, while on repeated changes of the bath fluid (w) the 
movements slowly restored to normal. This indicates that paralysis 
caused was reversible in nature (Fig. 13). 
1.5. Effect of petrol, chloroform, ethylacetate, acetone and 
methanol extracts of the leaves of Lindenbergia indica on the 
survival of the microfilariae of S^". cervi in vitro 
All the extracts of the leaves of L. indica caused concentration 
related effect on the survival of microfilariae of S. cervi. The LC50 as 
observed after 8 h is presented in Table. III. The concentration related 
effect of the extracts of the leaves of L. indica observed for 480 min is 
shown in Fig. 14. 
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2. Antifilarial activity of compounds isolated from the leaves of 
Lindenbergia indica 
2.1. Effect of LIV-1 on the spontaneous movements of whole worm 
and nerve muscle (n.m.) preparation of Setaria cervi 
Addition of drug in a concentration of 20 |ig/ml showed a gradual 
increase in the amplitude of contractions (Fig. 15). The rate of 
contractions showed a corresponding decrease while the tone remained 
unaffected. After about 15 min the amplitude as well as rate of 
contractions decreased to minimum resulting in the complete cessation of 
the worm. The paralysant phase remained for more than 1 h. However, 
with repeated changes of the bath fluid (w) the movements of the worm 
restored to normal showing that the paralysis was reversible in nature. 
A typical response to the compound of L. indica on the 
spontaneous movements of n.m. preparation of S. cervi is shown in Fig. 
16. Immediately after the addition of the drug in a concentration of 8 
Hg/ml to the bath fluid, there was a gradual decrease in the tone of 
contractions. The worm seems to be paralyzed completely for about 10 
min, but after about 12 min there was an immediate increase in the 
amplitude of contractions. This phase remained for about 15 min. The 
amplitude of contractions appeared at small intervals of time. After about 
15 min the n.m. preparation ceased completely and remained for about 
half an hour. The depressant effect was reversible with repeated changes 
mill. 
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Fig. 15. Reversible paralysis by 20 pg/ml of the drug (LIV-1) on the spontaneous 
movements of the whole worm preparation of 5. cervi. The drug caused reduction 
in the rate and amplitude of contractions, while the tone of contractions was 
unaffected followed by reversible paralysis as repeated washings slowly restored 
the movements to normal. 
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Fig. 16. A typical response by the drug (LIV-1) on the spontaneous movements of 
the n.m, preparation of S. cervi. Addition of drug in a concentration of 8 )J.g/ml 
reduced the tone of contractions followed by paralysis of the worm for 10 min. 
After 12 min the amplitude of contractions increased and remained for 15 min. 
The depressant effect was reversed with repeated changes of the bath fluid (w) 
indicating that the paralysis induced was reversible in nature. 
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of the bath fluid (w), which restored the movements to normal. This 
indicates that the paralysis induced was reversible in nature. 
2.2. Effect of LIV-2 on the spontaneous movements of whole worm 
and nerve muscle (n.m.) preparation of Setaria cervi 
The effect of the compound on the whole worm preparation of 5. 
cervi at a concentration of 25 |iig/ml caused a reduction in rate and 
amplitude of contractions while the tone showed no visible change. 
Immediately after the addition of the drug the worm was completely 
paralyzed. Repeated changes of the bath fluid, was effective in 
restoration of the movements, with an increase in tone of contractions. 
This indicates that the paralysis caused was reversible in nature (Fig. 
17). 
The response of the drug on the n.m. preparation of S. cervi 
showed almost similar results to that observed with the whole worm (Fig. 
18). Addition of drug in a concentration of 12 |ig/ml showed reduction in 
rate, amplitude as well as tone of contractions resulting in the cessation of 
the worm. However, on repeated changes of the bath fluid (w) the 
movements of the worm restored to normal indicating that the paralysis 
induced was reversible in nature. 
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Fig. 17. Reversible paralysis by 25 ^g/inl of the drug (LIV-2) on the spontaneous 
movements of the whole worm preparation of S. cervL Addition of drug caused a 
reduction in the rate and amplitude of contractions while the tone of contractions 
showed no visible change followed by reversible paralysis with an increase in the 
tone of contractions. 
min.l 
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Fig. 18. Stimulant effect of the drug (LIV-2) on the spontaneous movements of 
the n.m. preparation of S. cervL No initial stimulation was observed. Addition of 
drug in a concentration of 12 i^g/ml showed a reduction in the rate, amplitude as 
well as tone of contractions followed by reversible paralysis, as repeated 
washings slowly restored the movements to normal. 
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2.3. Effect of LIV-3 on the spontaneous movements of whole worm 
and nerve muscle (n.m.) preparation of Setaria cervi 
The response to compound was elicited on the whole worm 
preparation of S. cervi in a concentration of 15 ^g/ml. With this 
concentration of the compound the response was immediate with 
reduction in tone, amplitude as well as rate of contractions. The rate and 
amplitude of contractions continued to decline and after about 45 min the 
activity ceased completely. The movements were however not restored 
despite repeated changes of the bath fluid (w). This indicates that the 
paralysis induced was irreversible in nature. However, addition of 
acetylcholine (Ach) an excitatory neurotransmitter to the bath fluid could 
not elicit the response (Fig. 19). 
On the n.m. preparation of S. cervi, the compound produced a 
decrease in the spontaneous movements, which was characterized by 
decrease in amplitude, rate and tone of contractions. The effect continued 
till the paralysis of the n.m. preparation. The initial stimulant effect was 
not observed. It took about 15 min for a concentration of 6 |ig/ml to 
completely paralyze n.m. preparation (Fig. 20). However, with repeated 
changes of the bath fluid (w), the movements of the n.m. preparation 
were restored to normal. This indicates that the paralysis caused was 
reversible in nature. 
mm. 
^ ' ' ' > u ( L _ i _ i ^ ' » * « - » — 
t 
i 
1 r . . , / . . . 1 1 J f i g / l i l l 
I I i 
45min. W Acii.(5iiR/'inr; 
Fig. 19. Irreversible paralysis by 15 \ig/ml drug (LIV-3) on the spontaneous 
movements of the whole worm preparation of 5. cervL The drug caused reduction 
in the rate, amplitude as well as tone of contractions. Addition of acetylcholine 
(Ach) an excitatory neurotransmitter to the bath fluid could elicit the response. 
min 
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Fig. 20. Reversible paralysis by 6 jag/ml of the drug (LIV-3) on the spontaneous 
movements of the n.m. preparation of S. cervi. The response was characterized 
by an immediate decrease in amplitude, rate and tone of contractions. The initial 
stimulant effect was not obsened. 
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2.4. Effect of LIV-4 on the spontaneous movements of whole worm 
and nerve muscle (n.m.) preparation oiSetaria cervi 
The response of compound on the whole worm preparation was 
manifest at a concentration as low as 25 ^g/ml of bath fluid. The effect 
was characterized by decrease in amplitude of contractions while the tone 
and rate of contractions remained unaffected (Fig. 21). The effect was 
evident immediately after the addition of the drug. After about 15 min the 
tone of contractions increased and the rate as well as amplitude of 
contractions started declining resulting in the cessation of the worm 
completely. This remained for more than 1 h. However, on repeated 
changes of the bath fluid (w) there was no indication of restoration of 
movements. This indicates that the paralysis induced was irreversible in 
nature. 
On the n.m. preparation, the compound produced a decrease in 
amplitude and rate of contractions. The effect was evident after about 20 
min of the injection of the drug, however the tone of contractions 
decreased after 25 min (Fig. 22). The initial stimulant effect was not 
observed. It took about 25 min for a concentration of 5 |ig/ml to 
completely paralyze the n.m. preparation. The paralysis caused was 
reversed on repeated changes of the bath fluid (w). However, the 
amplitude of contractions observed after washings were highly 
significant. 
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Fig. 21. Initial stimulation followed by irreversible paralysis by 25 ng/ml drug 
(LIV-4) on the spontaneous movements of the whole worm preparation of S. 
cervi. Addition of drug caused an immediate decrease in amplitude of 
contractions while the tone and rate of contractions remained unaffected. 
Repeated washings of the bath fluid (w) could not restore the movements to 
normal. 
).^*M»#, 
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Fig. 22. Reversible effect of 5 )ig/ml drug (LIV-4) on the spontaneous movements 
of the n.m. preparation of S. cervi. The initial stimulant effect was absent. The 
effect was evident after an interval of time, characterized by decrease in 
amplitude and rate of contractions, while the tone of contractions remained 
unaffected followed by reversible paralysis. 
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2.5. Effect of LIV-5 on the spontaneous movements of whole worm 
and nerve muscle (n.m.) preparation of Setaria cervi 
A typical response was observed by the compound of L. indica on 
the spontaneous movements of 5. cervi (Fig. 23). At a concentration of 50 
Hg/ml, the effect was observed after an interval of time. The effect was 
characterized by decrease in tone, rate and amplitude of contractions. 
After about 25 min there was spontaneous increase in amplitude of 
contractions, which after 5 second, started declining resulting in the 
cessation of the worm. The paralysis caused was partially reversed by 
repeated changes of the bath fluid (w). 
On the n.m. preparation, effect of compound was different in 
nature as compared to that observed on the whole worm (Fig. 24). 
Immediately after addition of drug the tone, amplitude and rate of 
contractions started declining simultaneously. After about 30 min the 
contractions became less frequent with smaller amplitude. But, after 40 
min there was an immediate increase in amplitude, which results in the 
cessation of the worm. It took about more than Ih for a concentration of 
25 jj.g/ml to paralyze the n.m. preparation. The paralysant phase remained 
for more than 1 h. However, with repeated changes of the bath fluid (w), 
the movements were restored to normal, but doesn't attained the pre-drug 
level. The paralysis induced was reversible in nature. 
J^ i * *^A l^»» •^ 
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Fig. 23. Partial reversible paralysis by 50 |xg/ml drug (LIV-5) on the spontaneous 
movements of the whole worm preparation of S. cervL Addition of drug in a 
concentration of 50 \ig/ml showed a reduction in the rate, amplitude as well as 
tone of contractions followed by reversible paralysis, as repeated washings slowly 
restored the movements to normal. 
Fig. 24. Initial stimulation followed by reversible paralysis by 25 |ig/ml drug 
(LIV-5) on the spontaneous movements of the n.m. preparation of S. cervi. 
Addition of drug caused an immediate reduction in tone, rate and amplitude of 
contractions followed by cessation of the worm. The paralysis induced was 
reversible in nature as repeated changes of the bath fluid (w) restored the 
movements to normal. 
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Fig. 25. The effect of compounds (LlV-1, LlV-2, LlV-3, LlV-4 and LIV-
5) isolated from the leaves of L. indica on the survival of 
microfilariae of 5*. cervi in vitro. Bar representing standard error 
of mean [SEM (p value)]. 
P (LIV-1) < 0.003, P (LIV-2) < 0.005, P (LIV-3) < 0.003, 
P (LIV-4) < 0.004, P (LIV-5) < 0.006 as compared to controlled. 
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2.6. Effect of LIV-1, LIV-2, LIV-3, LIV-4 and LIV-5 on the 
survival of microfilariae of 5". cervi in vitro 
All the compounds isolated from different extracts of leaves of L. 
indica caused concentration related effect on the survival of microfilariae 
of iS. cervi. The LC50 as observed after 8 h is presented in Table. IV. The 
concentration related effect of the compounds of L. indica observed for 
480 min is shown in Fig. 25. 
14 
Table. III. Effect of different extracts of Lindenbergia indica on the 
survival of microfilariae of 5". cervi in vitro 
S. No. 
1. 
2. 
3. 
4. 
Extracts 
Petrol 
Chloroform 
Ethylacetate and Acetone 
Methanol 
Lethal concentration (ng/ml) 
LC50 
11.2 
15.9 
21.3 
23.0 
Table. IV. Effect of compounds isolated from different extracts of 
leaves of Lindenbergia indica on the survival of 
microfilariae of iS. cervi in vitro. 
S. No. 
1. 
2. 
3. 
4. 
5. 
Compounds 
LIV-1 
LIV-2 
LIV-3 
LIV-4 
LIV-5 
Lethal concentration (ng/ml) 
LC50 
28.2 
23.4 
17.8 
16.6 
15.1 
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DISCUSSION 
The present study demonstrates the antifilarial properties of 
compounds isolated from crude extracts of Lindenbergia indica during its 
treatment against Setaria cervi which induce reversible or irreversible 
paralysis. Musculature of nematodes is involved in spontaneous 
rhythmical motility, intestinal functions, reduction and structural support. 
Disruption of musculature activity of the parasite will result in the 
cessation of the activity essential for maintaining bodily functions. 
Anthelmintics used activity directed towards causing flaccid or 
spastic paralysis similar to that observed in skeleted muscles or other 
muscles or other smooth muscles, the myogenic activity is modulated by 
neurotransmitters. In case of S. cervi Ach has been identified as 
excitatory while GABA and 5-HT have been attributed as inhibitory 
functions^. The flaccid paralysis may result from either blockade of Ach 
receptors or agonistic action on 5-HT and GABA receptors. On the other 
hand spastic paralysis may be brought about by persistent deplorization 
due to the accumulation of Ach at the myoneural junction as has been 
shown for levamisole and phyrental pamoate"^. Further it has been shown 
that entry of Ca*^  is essential for triggering stimulation of movements. In 
the absence of available Ca or by blocking ionic channels for calcium, 
blocks the stimulant effect of neurotransmitters like Ach and drugs on S. 
• \ \ 
cervi . 
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A number of anthelmintics interfere selectively with 
neuromuscular transmission of the nematode parasite. The bath applied 
Ach produces stimulation of spontaneous rhythmic movements of 
Setaria, which can be partially blocked by d-tubocursarine and not by 
atropine . The Ach receptors of Setaria are similar in nature with 
Ascaris Ach receptors'•^•'''. Levamisole and pyrantel are potent agonists of 
Ascaris & Setaria Ach receptors"^"'^''^. On S. cervi in vitro levamisole and 
tetramisole produce stimulation of the movements of whole worm and 
n.m. preparation characterized by increase in tone only in low 
concentrations while at higher concentrations the stimulatory phase 
though increased in intensity is reduced in duration and is followed by 
paralysis from which the worm does not recover'°. 
The different crude extracts (petrol, chloroform, ethylacetate, 
acetone and methanol) fractionated from alcohol extract of leaves of L. 
indica were showing interesting results on S. cervi. The difference was 
only in the concentrations of drugs. Each extract was showing initial 
stimulation, however the difference is in the type of paralysis induced i.e., 
the petrol extract at a concentration of 100 ^g/ml caused an irreversible 
paralysis on the whole worm preparation of 5. cervi. It is possible that the 
petrol extract is not able to permeate through cuticular barrier in the intact 
worm. This is seen with many substances including neurotransmitters in 
Setaria^. When the cuticle is removed as in case of n.m. preparation, the 
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effect was manifested. The initial stimulation followed by paralysis is a 
response similar to that produced by diethylcarbamazine (DEC)'". On the 
microfilariae of 5. cervi all the extracts of Z. indica reduced the survival 
time in a concentration related manner. 
The antifilarial potential of isolated compounds LIV-1 and LIV-2 
showed that the flavonoids exhibit similar effect as noticed in DEC, an 
antifilarial agent'°. The activity of LIV-3 (sterol glycoside) is more 
pronounced and further in vivo investigations may give more promising 
results. 
All the compounds isolated from the leaves of Lindenbergia 
indica caused concentration related effect on the survival of microfilariae 
of S. cervi. Further study is warranted to identify and isolate the active 
biomolecules of crude extracts, which offer antifilarial property 
EXPERIMENTAL 
The air dried leaves of Lindenbergia indica (3 kg) (procured from 
the local garden around the Department of Chemistry, Faculty of Science, 
A.M.U., Aligarh) were exhaustively extracted with ethanol. The crude 
extract was evaporated in vacuum to yield dark brown crude product (180 
g). The crude product was fractionated with distilled light petrol (60-
80°C), chloroform, ethylacetate, acetone and methanol till the solvent in 
each case was almost colourless. 200 mg of each fraction were taken for 
testing antifilarial activity. The fractions were then checked on TLC in 
different solvent systems and similar fractions were mixed. 
Ethylacetate and acetone fractions were mixed together after 
showing similar components on TLC examinations. It gave orange colour 
with Mg-HCl indicating thereby the presence of flavonoids. The 
combined fractions were evaporated in vacuum to yield (50 g) of dark 
brown crude product, which was adsorbed on silica gel (150 g) and 
transferred to a column of silica gel (250 g) set with petrol. The column 
was eluted with petrol, petrol-benzene 9:1, 8:2, 7:3, 1:1), benzene, 
benzene-ethylacetate (9:1, 8:2, 7:3, 6:4, 1:1), ethylacetate, ethylacetate-
methanol (1:1) and finally with methanol, respectively. 
Elution of column with benzene-ethylacetate (8:2) gave a yellow 
amorphous compound (50 mg) which was further purified by preparative 
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thin layer chromatography in Benzene : Pyridine : Formic Acid (36:9:5), 
Rf. = 0.65, and crystallized from ethanol to yield more pure form of 
compound (20 mg). M.p. = 336 °C, soluble in acetone, ethanol, methanol 
and insoluble in chloroform, benzene and H2O, gave orange colour with 
Mg-HCl, black spot with ale. FeCls, brown spot with I2 and appeared as 
brownish under UV light on TLC plate. This compound was labelled as 
LIV-1. 
IR V "^"•(cm-'): 3279, 1655, 1608, 1494, 1358, 1270, 1243, 1177, 1030, 
max 
908,827,742,580,501,431. 
'H N M R (Acetone), 200 MHz : 5 6.244 (d, J= 1.9 Hz, IH, H-6), 6.529 
(d, J = 1.9 Hz, IH, H-8), 6.627 (s, IH, H-3), 7.016 (d, J = 8.8 Hz, 2H, H-
3',5'), 7.934 (d, J = 8.8 Hz, 2H, H-2',6'). 
From the above data and their direct comparision with an authentic 
sample, LIV-1 was identified as apigenin (5, 7, 4'- trihydroxy flavone). 
The fraction eluted with benzene-ethylacetate (8:2) afforded 
another compound which on cyrstallization from ethanol yielded yellow 
amorphous compound (35 mg) which was further purified by preparative 
thin layer chromatography in Benzene : Pyridine : Formic Acid (36:9:5), 
to yield pure compound labelled as LIV-2, Rf = 0.62 (B:P:F, 36:9:5), 
and crystallized from ethanol as yellow amorphous compound (18 mg), 
m.p. > 300°C, soluble in acetone, ethanol, methanol and insoluble in 
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chloroform, benzene and H2O. It gave black spot on TLC with ale. FeCls, 
brown spot with iodine on TLC and appeared as brownish under UV 
light. 
IR V •'"'(cm''): 3457, 2364, 1657, 1614, 1368, 1261, 1161, 1031, 861, 
max 
690, 598. 
' H N M R (Acetone), 200 MHz : 5 6.243 (d, J = 1.9 Hz, IH, H-6), 6.518 
(d, J = 1.9 Hz, IH, H-8), 6.5770 (s, IH, H-3), 6.992 (d, J = 8.2 Hz, IH, H-
5'), 7.466 (dd, J= 2.1 & 10 Hz, IH, H-6'), 7.456 (d, J = 2.1 Hz, IH, H-2'). 
From the above data and their direct comparision with an authentic 
sample, LIV-2 was identified as luteolin (5, 7, 3', 4'- tetrahydroxy 
flavone). 
The petrol fraction (80 g) was adsorbed on silica gel (160 g) and 
transferred to a column of silica gel (200 g) set with petrol. The column 
was eluted with petrol, petrol-benzene (1:1), chloroform, chloroform-
ethylacetate (1:1), ethylacetate-methanol (8:2, 1:1), methanol, 
respectively. The fractions were monitored by TLC examinations using 
different solvent systems. 
Elution of column with chloroform-ethylacetate (1:1) and 
ethylacetate gave a white amorphous solid (80 mg), which was further 
crystallized and recrystallized from methanol to yield more pure 
compound (60 mg), labelled as LIV-3. Rf.= 0.34 (Chloroform : 
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Methanol, 10:1), m.p. = 279-280°C, brown spot with iodine on TLC, 
fluorescent under UV light, no spot with ale. FeCls, dark purple colour 
with 20 % perchloric acid on TLC on heating. 
IR V '""'(cm-'): 3770, 3678, 3399, 2928, 2364, 1595, 1463, 770, 669. 
max 
'H N M R (Methanol), 300 MHz : 5 0.727, 0.831, 0.863, 0.898, 0.956, 
1.038 (3H each, s. Me x 6), 3.076-4.911 (m, sugar protons). 
From the above data and their direct comparision with an authentic 
sample, LIV-3 was identified as sitosterol-P-D-glucoside. 
The methanol fraction was evaporated in vacuum to yield 43 g of 
dark brown crude product. This was adsorbed on silica gel (150 g) and 
transferred to column (250 g) set with chloroform. The column was 
eluted with chloroform,, chloroform-methanol (75:25, 1:1), methanol and 
finally with methanol-H20 (6:4), respectively. 
Elution of column with chloroform-methanol (75:25) gave a dull 
white semi crystalline solid (120 mg). which on further crystallization 
and recrystallization from methanol yield a white crystalline compound 
(100 mg), labelled as LIV-4, Rf= 0.69 (n-Butanol : Acetic acid : H2O, 
4:1:1). M.p.= 137-140°C, soluble in methanol, no spot with ale. FeClj, 
Mg-HCl, fluorescent under UV light and dark purple colour with 20 % 
perchloric acid on TLC on heating. 
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IR V ""'(cm"'): 3410, 2925, 2854, 1463, 1381, 1085, 1030, 882. 
From the above data, LIV-4 was identified as a monosaccharide. 
Elution of column with methanol-H20 (6:4) gave a dark brown 
gummy solid (15 g) on vacuum evaporation, labelled as LIV-5. 
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Tl^ e antifiiarki activity) of 
fractions obtained from a[col)o[ 
extract of 
Tri folium at 
INTRODUCTION 
The antifilarial activity of alcohol and aqueous extracts of 
TrifoUum alexandrinum has already been reported in Chapter I. This 
chapter deals with the antifilarial activit}' of various fractions obtained 
from alcohol extract. 
OBSERVATIONS 
The air dried leaves (3 kg) of TrifoUum alexandrinum (Fabeceae -
Trifolieae) were extracted with ethanol, exhaustively. The crude extract 
was evaporated in vacuum to yield dark brown crude product (150 g). 
The crude product was fractionated with petrol, ethylacetate, acetone and 
methanol till the solvent in each case was almost colourless. The fractions 
were then checked on TLC in different solvent systems and similar 
fractions were mixed. 
1. Antifilarial activity of different fractions of TrifoUum 
alexandrinum obtained by solvent fractionation 
1.1. Effect of petrol extract of the leaves of T. alexandrinum on the 
spontaneous movements of whole worm and nerve muscle 
(n.m.) preparation of 5". cervi 
No significant response was observed on the whole worm by petrol 
extract of leaves of T. alexandrinum at a concentration of 100 |ig/ml. The 
worm was ceased completely after the addition of the drug and remained 
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same for more than 1 hour. No restoration of movements, were observed 
even after the repeated washings of the bath fluid (w). This indicates that 
the paralysis caused was irreversible in nature. Addition of acetylcholine 
(Ach), an excitatory neurotransmitter to the bath fluid could elicit the 
response (Fig. 1). 
The response of petrol extract at a concentration of 30 jjg/ml was 
quite different in nature to the response observed in case of whole worm 
preparation. The effect was evident immediately after the addition of the 
drug, which was characterized by decrease in amplitude of contractions, 
while the tone and rate of contractions remained unaffected. After about 
45 min the tone of contractions increased and remained same until the 
cessation of the worm completely. The paralysant phase remained for 
more than 1 hour. However, on repeated changes of the bath fluid (w) the 
movements of n.m. preparation of S. cervi restored to normal indicating 
that the paralysis caused was reversible in nature (Fig. 2). 
1.2. Effect of ethylacetate extract of the leaves of T. alexandrinum 
on the spontaneous movements of whole worm and nerve 
muscle (n.m.) preparation of 5". cervi 
A typical response of ethylacetate extract on the movements of the 
whole worm of S. cervi is shown in Fig. 3. Addition of extract in a 
concentration of 270 ^g/ml produced a stimulant effect characterized by 
an increase in the tone and the rate of contractions and decrease in the 
•>!H\A«rtV. 
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Fig. 1. No significant response was observed by 100 jig/ml petrol extract of leaves 
of T. alexandrinum on the spontaneous movements of the whole worm 
preparation of S. cervi. The worm was ceased completely after addition of the 
drug resulting in irreversible paralysis. Addition of acetylcholine (Ach) to the 
bath fluid could elicit the response. 
Fig. 2. Stimulant effect of petrol extract in a concentration of 30 |ag/ml of leaves 
of T. alexandrinum on the spontaneous moyemtnts of the n.m. preparation ofS. 
cervi. Immediate initial stimulation was observed by decrease in amplitude of 
contractions due to spontaneous movements followed by reversible paralysis. 
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amplitude of contractions. The effect was evident immediately after the 
addition of the drug. The stimulant effect lasted for about 1 hour when 
tone of contractions started declining. At this time, the amplitude of 
contractions started declining and continued to do so till the movements 
of the worm ceased completely after about 120 min. The paralysis of the 
worm continued for about 3 h. However, with repeated changes of the 
bath fluid (w), the movements of the worm were slowly restored to 
normal. This indicates that the paralysis induced was reversible in nature. 
On the n.m. preparation, the effect of ethylacetate extract at a 
concentration of 120 |ag/ml was different in nature as compared to that 
observed on whole worm (Fig. 4). The stimulation was observed by 
decrease in tone and amplitude of contractions, which after 2 to 3 seconds 
regain their original position. Again after 2 seconds the tone and 
amplitude of contractions started decreasing while the rate of contractions 
remained unaffected. After about 30 min the tone of contractions again 
increased while the rate of contractions started decreasing and continued 
to do so till the movements of the worm ceased completely. The 
paralysant phase remained for about 1 hour. On repeated changes of the 
bath fluid (w), the movements of the worm were restored to normal 
indicating that the paralysis induced was reversible in nature. 
nun 
15min. 
nun 
60min. 
Fig. 3. Reversible effect of 270 \ig/ml ethylacetate extract of leaves of T. 
alexandrinum on the spontaneous movements of the whole worm preparation of 
S. cervi. The effect was characterized by initial stimulation followed by paralysis. 
The stimulant effect was characterized by increase in tone and rate of 
contractions. 
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Fig. 4. Initial stimulation followed by reversible paralysis by 120 i^g/ml 
ethylacetate extract of leaves of T, alexandrinum on the spontaneous movements 
of the n.m. preparation oi S. cervl Addition of extract in a concentration of 120 
^g/ml produced a stimulant effect characterized by decrease in amplitude and 
tone of contractions. 
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1.3. Effect of acetone extract of the leaves of T. alexandrinum on the 
spontaneous movements of whole worm and nerve muscle 
(n.m.) preparation of 5. cervi 
The response of acetone extract in a concentration of 250 |ig/ml 
was characterized by initial stimulation followed by paralysis. The initial 
stimulatory effect was characterized by an increase in tone and decrease 
in amplitude of contractions, while the rate of contractions was 
unaffected (Fig. 5). The effect was evident immediately after the addition 
of the drug. The increase in tone of contractions was observed initially for 
about 30 min, thereafter it started declining. After about 45 min the tone 
of contractions started increasing and the rate of contractions started 
decreasing resulting in the paralysis of the worm. There was no 
spontaneous twitching, contractions or recovery. The movements were 
however restored by repeated changes of the bath fluid (w). This indicates 
that the paralysis was reversible in nature. 
On the n.m. preparation, the acetone extract of T. alexandrinum 
produced decrease in amplitude, rate and tone of contractions. This effect 
continued till the paralysis of the n.m. preparation. It took about 1 hour 
for a concentration of 60 ^g/ml to completely paralyze the n.m. 
preparation (Fig. 6). However, with repeated changes of the bath fluid 
(w), the movements of the worm were restored to normal. This indicates 
that the paralysis induced was reversible in nature. 
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Fig. 5. Reversible effect of 250 ng/ml acetone extract of leaves of T. alexandrinum 
on the spontaneous movements of the whole worm preparation of 5. cervL Initial 
stimulant effect was characterized by increase in tone and decrease in amplitude 
of contractions, while the rate of contractions remained unaffected, 
Fig. 6. Reversible effect of 60 ^g/ml acetone extract of leaves of T. alexandrinum 
on the spontaneous movements of the n.m. preparation of S. cervL No initial 
stimulation was observed and effect was evident by decrease in amplitude, rate 
and tone of contractions. The effect continued till the paralysis of the n.m. 
preparation. 
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1.4. Effect of methanol extract of the leaves of T. alexandr'mum on 
the spontaneous movements of whole worm and nerve muscle 
(n.m.) preparation of iS". cervi 
A typical response of methanol extract of T. alexandrinum on the 
spontaneous movements of the whole worm of .S. cervi is shown in Fig. 7. 
Addition of extract in a concentration of 200 |ig/ml to the bath fluid 
caused an increase in the tone and amplitude of contractions and decrease 
in the rate of contractions. The effect was evident immediately after the 
addition of the drug. The increase in the tone of contractions continued 
for more than 6 h resulting in the cessation of the worm. The paralysant 
phase remained for more than 6 h. However on repeated changes of the 
bath fluid (w), the movements of the worm restored to normal. This 
indicates that the paralysis induced was reversible. 
On the n.m. preparation, the methanol extract in a concentration of 
120 |ig/ml produced a stimulant effect, which was characterized by 
increase in tone and amplitude of contractions. The effect was evident 
immediately after the addition of the drug. The increase in the tone of 
contractions was long-lasting and continued for nearly 60 min. After 60 
min the rate of contractions decreased and amplitude of contractions 
increased which started decreasing and continued to do so till the 
movements of the worm ceased completely. This phase remained for 
more than 6 h and on repeated changes of the bath fluid (w) the 
2»o^e/nll 
9()niii 
-1 Ins 
Fig. 7. Initial stimulation followed by reversible paralysis by 200 i^g/nil methanol 
extract of leaves of T. alexandr'mum on the spontaneous movements of the whole 
worm preparation of S. cervi. The effect was characterized by increase in 
amplitude and tone contractions. The increase in tone of contractions continued 
for more than 6 h resulting in the cessation of the worm. 
h l i m i i i . 
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Fig. 8. Reversible paralysis by 120 )ig/ml methanol extract of leaves of T, 
alexandrinum on the spontaneous movements of the n.m. preparation of 5'. cervi. 
The stimulant effect of the drug was characterized by long-lasting increase in 
tone and decrease in rate and amplitude of contractions followed by cessation of 
the worm movements completely. 
0.7 0.95 1.2 
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• Control m Ftetrol Bhyacetate Methanol x acetone i 
Fig. 9. The effect of different crude extracts of the leaves of T. 
alexandrinum on the survival of microfilariae of 5. cervi in vitro. 
Bar representing standard errors of mean [SEM (p value)]. 
P (Petrol) < 0.003, P (Ethylacetate) < 0.003, P (acetone) < 0.003, 
P (MeOH) < 0.003 as compared to controlled. 
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movements restored to normal. This indicates that the paralysis induced 
was reversible in nature (Fig. 8). 
1.5. Effect of petrol, ethylacetate, acetone and methanol extracts of 
the leaves of T. alexandrinum on the survival of the 
microfilariae oiS, cervi in vitro 
All the extracts of the leaves of Trifolium alexandrinum caused 
concentration related effect on the survival of microfilariae of S. cervi. 
The LC50 as observed after 8 h is presented in Table. I. The concentration 
related effect of the extracts of leaves of T. alexandrinum observed for 
480 min is shown in Fig. 9. 
Table. I. Effect of different extracts of Trifolium alexandrinum on 
the survival of microfilariae of .S. cervi in vitro 
S. No. 
1. 
2. 
3. 
4. 
Extracts 
Petrol 
Ethylacetate 
Acetone 
Methanol 
Lethal concentration (ng/ml) 
LC50 
12.0 
20.0 
23.1 
27 
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DISCUSSION 
Different crude extracts (petrol, ethylacetate, acetone and 
methanol) fractionated from the alcohol extract of the leaves of 
T. alexandrinum caused inhibition of spontaneous movements which was 
characterized by decrease in amplitude of contractions followed by 
reversible paralysis. This is seen with many substances including 
neurotransmitters in Setana\ The petrol extract of leaves of T. 
alexandrinum showed irreversible paralysis on the whole worm 
preparation. However, the addition of acetylcholine (Ach) & calcium 
chloride during paralysant phase caused short-lasting stimulant effects 
seen only as a spike. The effect therefore could be due to a partial 
blockade of acetylcholine (Ach) receptors but not due to a blockade of 
calcium channels . 
The other possibility is that the extract contains a substance which 
mimics the effect of 5-hydroxytryptamine (5-HT). The effect of 5-HT is 
not characterized by an initial stimulation. Similarly, y-aminobutyric acid 
(GABA) does not cause an initial stimulation before paralyzing the worm 
preparation'. 
On the microfilariae of 5. cervi, all the extracts of 7! alexandrinum 
reduced the survival time in a concentration related manner. The 
observations indicate that, recording of spontaneous movements of the 
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whole worm and nerve muscle preparation of S. cervi, is an easy, 
convenient and reliable method to study the efficiency of antifilarial 
drugs. It not only provides information regarding lethal or paralyzing 
effect of the drugs but also gives an insight into the mechanism of action. 
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EXPERIMENTAL 
The plant material was collected from the Regional Research 
Institute of Unani Medicine, Aligarh Muslim University, Aligarh. 
The leaves (3 kg) of Trifolium alexandrinum were extracted with 
ethanol, respectively. The crude extract was evaporated in vacuum to 
yield dark brown crude product (150 g). The crude product was 
fractionated with petrol, ethylacetate, acetone and methanol, separately. 
The extracts were concentrated in vacuum and the residue was used for 
testing. The aqueous extract was prepared from 250 g of plant material by 
cold extraction with distilled water. The aqueous extract was concentrated 
in vacuum and the residue was used for testing. 
For preliminary screening of antifilarial activity with the residues 
obtained from petrol, ethylacetate, acetone, methanol and water extracts, 
weighed quantit}' of residues was dissolved in respective solvents 
(ethanol or v^ater) and made to a concentration of 500 iig/ml. For further 
studies the solutions were diluted adding more solvents to get the 
solutions of a particular concentration. 
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INTRODUCTION 
Microbiology is one of the younger biological sciences. Although 
its paternity is rather nebulous, the first productive seed was implanted by 
a French chemist, Louis Pasteur, who a century ago was persuaded to turn 
his inquisitive mind from a study of tartrate crystals to the troubles that 
were affecting the wine industry in France. Pasteur, brooding over the 
age-old phenomenon of fermentation. Having satisfied himself that the 
souring of milk was due to the formation of lactic acid by multiplying 
bacteria, he proceeded to turn sugar into alcohol with only ammonia and 
some organic salts as a source of nutriment for the growing yeast cells. 
He concluded that alcoholic fermentation is an act correlated with the life 
and with the organization of these (yeast) globules, and not with their 
death or their putrefaction. In his early work in microbiology Pasteur also 
made the fundamental observation that certain bacteria (which he called 
anaerobic) would grow only in the absence of oxygen, a momentous 
discovery at a time when oxygen was still regarded as the essential elixir 
for all living creatures. 
Joseph Lister, an English surgeon, saw in Pasteur's work on 
fermentation a possible explanation of the tragic fate that befell so many 
of his patients who after injury or amputation were dying like flies of 
hospital gangrene and "blood poisoning". By placing an antiseptic 
dressing over the open wound, he prevented bacteria in the environment 
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from getting access to the susceptible tissues and so satisfied himself that 
putrefaction or sepsis was caused, like fermentation, by these invisible 
but living microbes which Leeuwenhoek, two centuries earlier, had called 
his "little animals". In an era dominated by the physical sciences it 
required great courage and pertinacity as well as ingenuity and technical 
skill for these pioneers in microbiology to persuade their fellows of the 
validity of the gospel. And so, by 1880, the science of microbiology was 
firmly founded and its importance in the economy of men, animals and 
industry was beginning to be appreciated. This brief historical sketch 
illustrates the importance of microbiology as an applied science, 
particularly in fermentation processes and in infectious diseases'. 
The term microbiology is commonly used in a more narrow sense 
than its etymology suggests. Although it may be used to describe the 
broader subject of small or minute living organisms, it generally refers to 
a study of those microscopic life forms that are directly or closely related 
to human activity and welfare. Although the concept and demonstration 
of living microorganisms is a relatively recent development in biology, 
their activities have been familiar to man from prehistoric times. 
Decomposition of organic matter and lactic acid fermentation, 
degradation of proteins with the production of new and desirable flavors 
in certain foods and the occurrence of infectious disease are obvious 
examples of familiar phenomenon now known to be of microbial origin . 
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Medicinal microbiology is concerned with the aetiology, 
pathogenesis (mode of infection), laboratory diagnosis and treatment of 
infection in the individual and with the epidemiology (study of mass 
disease) and control of infection in the community. It therefore has close 
links with several other disciplines into which the training of the doctor 
has been divided to form the medical curriculum, e.g. pathology, clinical 
medicine and surgery, pharmacology and therapeutics, and preventive 
medicine. Microbiology is closely concerned with the epidemiology and 
control of infection in any community where the transmission and the 
disease-producing capacity of the infecting microorganisms is facilitated 
by environmental or host factors: e.g. overcrowding, contaminated food, 
drink or air, malnutrition, tissue damage. The term epidemiology has in 
the past been applied particularly to the study of the factors contributing 
to the endemic or epidemic prevalence of an infectious or communicable 
disease, but, as the name implies, it is concerned with the study of any 
community disease or disability and in recent years we have seen the 
application of epidemiological methods to many non-infective conditions. 
As a medical science it is particularly concerned with aetiological factors 
and it has had remarkable successes in their elucidation among both 
infectious and non- infectious diseases. 
In the study of sources and modes of spread of infectiqus diseases, 
microbiology has demonstrated the importance of carriers; that is, 
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individual who while not showing any clinical symptoms of infection, 
carry and disperse a pathogenic micro-organism and so contribute to the 
dissemination of infection in a community. Microbiology developed 
originally as an applied science of particular importance in medicine, 
agriculture and industry'. 
Morphology of Bacteria 
Microorganism may be defined as living creatures that are 
microscopically in size and relatively simple, often unicellular in 
structure. The diameter of the smallest body that can be resolved and seen 
clearly with the naked eye is about 100 \x. All but a few of the 
microorganisms are smaller than this and a microscope js therefore 
necessary for their observation. Many microorganism, are unicellular, 
existing as single self sufficient cells, unattached to their fellows. On the 
other hand other microorganism grow as aggregates of cells joined 
together by their cell walls in clusters, chains, rods, filaments (hyphae) or 
mycelia (i.e. meshworks of branching filaments), and some grow as 
Plasmodium, i.e. a multinucleate mass of cytoplasm. The majority of 
microorganism may be classified in the following large biological groups: 
(1) Algae, (2) Protozoa, (3) Slime moulds, (4) Fungi proper, or 
Eumycetes, including the moulds and the yeasts, (5) Bacteria, or 
Schizomycetes ("fission fungi"), (6) Rickettsiales, (7) Mycoplasmatales, 
and (8) Viruses, or Virales\ 
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Antimicrobial Agents 
A variety of physical agents or processes are available for 
controlling microbial populations. The control may be accomplished by 
killing the microorganism, by inhibiting their growth and metabolism, or 
by physically removing them. Many chemical substances are capable of 
inhibiting or killing microorganisms. 
The capability of the substance to kill microorganisms is the first 
requirement. The chemical, at a low concentration should have a broad 
spectrum of antimicrobial activity; that is, it should kill many microbes. 
Substances that are used against microorganisms may be described as 
cidal if they kill cells quickly, or static if their effect is predominantly on 
of inhibiting growth. Most substances that are static, however, are cidal if 
their concentration is raised, or if the exposure is sufficiently prolonged. 
Disinfectants are substances that are strongly bactericidal in the 
concentrations usually used and sometimes they also destroy bacterial 
spores. They are generally used to eradicate microorganisms from 
inanimate material. Antiseptics are less irritant substances that destroy or 
inhibit the growth of microorganisms and they may be applied locally 
against pathogenic organisms growing in living tissues. Clearly the 
difference between disinfectants and antiseptics is one of degree only, 
and some disinfectants may be used as antiseptics. The terms germicide 
and bactericide are used to describe both disinfectants and antiseptics'. 
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Antimicrobial drugs 
These are chemotherapeutic substances that destroy or inhibit the 
growth of microorganisms in Uving tissues. They usually differ from 
antiseptics and disinfectants in possessing a high therapeutic index, i.e. 
they are much more toxic to microbes than to tissues, and they have a 
more selective range of antimicrobial action. They may be given 
parenterally or orally against deep-seated or systemic infections. 
These substances are obtained from microorganisms or plants or 
are synthesized in the chemistry labs. Chemical compounds having 
antimicrobial activity should be non-toxic and compatible with the host 
are of great value for the control of microbial infections^. 
Antibiotics are substances produced by some living organisms that 
kill or inhibit the growth of other organisms and some are sufficiently 
non-toxic to be used as antimicrobial drugs. Some of the commonly used 
antibiotics are penicillin, streptomycin, tetracyclines, erythromycin etc. 
Natural products 
Substances derived from medicinal plants are virtually the only 
source of chemotherapeutic agents. A number of substances derived from 
medicinal plants are still in use today- digitalis, curare, ephedrine and 
morphine along with a number of herbal medications^. Crude extracts of 
several plants are used as antimicrobial agents. The effect was found to 
be due to sesquiterpene glycosides, sterols, triterpenes, lipids, flavonoids. 
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glycosides, sugars, aminoacids, etc'*. The ethanol and methanol extracts of 
Solidago virgaurea L. showed antimicrobial activity against several 
microorganisms . Aqueous extract of Swertia corymbosa showed 
antimicrobial activity against Staphylococcus aureus and Salmonella 
typhi •6 
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OBSERVATIONS 
1. Azadirachta indica 
1.1. Earlier Reports 
Azadirachta indica (Meliaceae) A. Juss., syn. Melia azadirachta 
Linn., commonly known as Neem is a large evergreen tree, 40 to 50 ft in 
height, common throughout the greater part of India and Burma, and 
often cultivated. 
Almost every part of the tree is bitter and finds application in 
indigenous medicine. The stem, root bark and young fruits are reported to 
possess astringent, tonic and antiperiodic properties . The bark is reported 
to be beneficial in malarial fever and cutaneous diseases . The bark 
exudes a clear, bright, amber-coloured gum, which is stimulant, 
demulcent, tonic and useful in catarrhal and other affections. The twigs 
and leaves are carminative and aid digestion. Tender twigs are used to 
clean teeth, particularly in pyorrhea. The extract of leaf markedly delay 
the clotting time of blood. The strong decoction of fresh leaves is stated 
to be a mild antiseptic. The hot infusion of leaves is much used as 
anodyne for fomenting swollen glands, bruises and sprains.- The leaves 
are used as insect repellent and to control nematodes. The fruit is used as 
a tonic, antiperiodic purgative, emollient and as an anthelmintic. It is 
beneficial in urinary diseases and in the treatment of piles. The dry fruit is 
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bruised in water and employed to the treatment of cutaneous diseases. 
The crude oil is used as illuminant and has many therapeutic uses and is 
official in LP. Medicinal properties. The oil is a useful remedy in some 
chronic skin diseases, rheumatism, leprosy and sprain. Intrauterine 
medication of oil controls different types of metrites. The oil is reported 
to have antifertility and antiseptic properties. Flowers are useful in some 
cases of atonic dyspepsia and general debility^. 
All parts of the plant yield p-sitosterol. The wood oil contains 
cycloeucalenol and 24-methylenecycloartanol. The heartwood contains 
tannin, nimatone, P-sitosterol-P-D-glucoside,4,14a-dimethyl-5a-ergosta-
8, 24(28)-dien-3P-ol,nimbolin A and B, nimbinene and 6-
desacetylnimbinene, a-cellulose, (3- cellulose, y-cellulose, hemicellulose-
A and B. The alcohol extract of the fresh stem-bark yielded nimbin, 
nimbinin and nimbidin. The alcohol extract of air dried root bark yielded 
nimbin and nimbidin. Another terpenic constituent, identical with sugiol, 
is reponed in the stembark. The leaves contain nimbin, nimbinene, 6-
deacetyl nimbinene, nimbandiol, nimbolide, quercetin, n-hexacosanol and 
nonacosane^. The fruits contain gedunin, 7-deacetoxy-7-a-hydroxy 
gedunin, azadiradione, azadirone, 17p-hydroxy-azadiradione, 17-
epiazadiradione and nimbiol. The seeds contain 6 new 
tetranortriterpenoids, azadirachtin'*\ The presence of gedunin, meldenin. 
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desacetylgedunin, solannin , azadirone, epoxyazadiradione, nimbinene, 6-
0-acetylnimbandiol, 6-desacetylnimbinene, 3-desacetyl salanin, salannol-
1, 3-diacetylvilasinin and a new minor product vapinin is also reported in 
the oil". 
The tree is not subject to serious fungal diseases. Neem extracts 
have been reported to possesses anti-diabetic^, antibacterial'^, antiviral \ 
antioxidant''', antifungal'^ antimalarial'^ and anti-inflammatory 
properties. The bark extract showed mild inhibitory activity against 
certain strains of water melon mosaic virus . The tender leaves along with 
Piper nigrum Linn., are found to be effective in intestinal helminthiasis. 
Fresh, mature leaves along with the seeds of Psorela corylifolia Linn, and 
Cicer arietinum Linn, are used to prepare a very effective medicine for 
leucoderma. An aqueous extract (10%) of tender leaves is reported to 
possess antiviral properties. The phosphate buffer, ether and alcohol 
extracts of the leaves inhibit the activity of Micrococcus pyogenes var. 
aureus. A crude extract of leaves was studied for its effects on the 
cardiovascular system of anasthelized guinea pigs and rabbits. It also 
exhibited a weak anti-anhythmic activity in rabbit against ouabain-
induced dysrhythmia . The neem based common products like urea 
coated with nimin and aqueous extracts of neem seeds showed 
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nematocidal activity against Meloidogyne incognite (Kefoid and White) 
Chitwood'^''^ 
Sodium nimbidinate, obtained from nimbidin, has potent diuretic 
and anti-inflammatory properties". Chemopreventive potential of neem 
flowers on carcinogen-induced rat mammary and liver carcinogenesis has 
been reported . Four prenylated flavanones possessing antimutagenic 
activity against heterocyclic amines in the Salmonella typhimurium, 
myricetin, quercetin and kaempferol, were isolated from the flowers of A. 
indica^^'^^. The use of flowers has been scanty and uncommon although it 
is used in folklore medicine for worm infestations. It was, therefore, 
thought worthwhile to test the efficacy of aqueous and alcohol extracts of 
flowers of ^ . indica for its antimicrobial activity. 
2. Soliva anthemifolia 
2.1. Earlier Reports 
Soliva anthemifolia (Asteraceae), synonymn, Gymnostyles 
anthemifolia is an annual plant, 8-12 cm in height, found as a common 
weed in cultivated grounds and wastelands throughout the greater part of 
India. No reports have been available showing previously isolated 
compounds as well as any biological activity. No attempt has been made 
to study the antimicrobial activity of 5. anthemifolia extracts (alcohol and 
aqueous). Hence in the present study the alcohol and aqueous extracts of 
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S. anthemifolia were screened to observe the effect on some common 
microorganisms. 
3. TrifoHum alexandrinum 
3.1. Earlier Reports 
Trifolium alexandrinum Linn., (Leguminosae/Papilionaceae), 
30-60 cm long commonly known as Berseem/Egyptian Clover. It is a 
sparingly appressed, pubescent annual, commonly cultivated in the 
semi-desert countries like Egypt, Syria, Iraq and Iran, and introduced 
into India as a fodder crop. Its part is used as cattle feed and the seeds 
are used as antidiabetic^"^" '^'. 
The seeds contain xanthosine. They yield 6.4% of a fatty oil. 
The oil is stable despite its semi-drying properties, suggesting the 
presence of antioxidants . 
The genus Trifolium includes about 250-300 species distributed in 
temperate and subtropical regions of both hemispheres . The compounds 
isolated from Trifolium alexandrinum are kaempferol , velutin , 
trifolexin^^, quercetin^^, quercetrin^^, chalcano! glycosides (38a, 38b, 
380/*^, formononetin'^ genistein^**, biochanin A^ *^ , coumestan^^, 
bersimoside^', dehydroazukisaponin'^', megastimane glycosides^^, 
saponins , P-sitosteror^"^'', soyasaponin I methyl ester''^ azukisaponin V 
methyl ester^^ bersimoside I methyl ester"^ ^ bersimoside II methyl ester^ ,^ 
dehydrosoyasaponin I methyl ester-'l dehydroazukisaponin V methyl 
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ester''^, sopharaflavoside 11^ ^ and several amino acids^^, carbohydrates^'', 
fatty acids^ '^'^ ^ and others. 
No attempt has been made to study the antimicrobial activity of 
Trifolium alexandrinum extracts (alcohol and aqueous). In the present 
study, the results of an investigation of the efficacy of alcohol and 
aqueous extracts of the leaves of this plant against some common 
microorganisms are presented. 
4. Linden bergia indica 
4.1. Earlier Reports 
Lindenbergia indica Linn., (Scrophulariaceae) syn. Lindenbergia 
urticaefolia Lehm.; L. polyantha Royle ex Benth, commonly known as 
haldi, basanta in Bengali. It is an erect, sometimes tufted annual herb, 
10-30 cm in height, found throughout India ascending up to an altitude of 
2,100 m in the Himalayas. It is commonly found in crevices on old walls 
and banks of ancient monuments. The plant possesses a faint aromatic 
odour and is slightly bitter. The juice of the plant is given in chronic 
bronchitis and mixed with that of coriander applied to skin eruptions"'^ "'*". 
Phytochemical studies of L. indica reveal the presence of two 
saponins'" (a, L-rhamnopyranosyl (1^4) P-D-glucopyranosl (1-^3) 
sitosterol and a, L-rhamnopyranosyl (l->5) a, L-arabinofluranosyl 
(l->3) sitosterol), friedelan-3-p-ol''^ (I), oleanolic acid"*^  (II) and 
flavonoids''^, 7- hydroxy flavone (III) and quercitrin (IV). The extract of 
L. indica (whole plant) was devoid of tannins'* .^ 
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The ethanolic extract of L. indica (whole plant) showed 
hypothermia in mice, but was devoid of antiprotozoal, antiviral, 
hypoglycaemic, CVS, anticancer, diuretic activities and effect on isolated 
guinea pig ileum. The LD50 of the alcohol extract was 1000 mg/kg i.p. in 
albino mice . 
No reports were available to prove the antimicrobial activit>' of 
alcohol and aqueous extracts of the leaves of L. indica. Present study 
deals with the antimicrobial activity of alcohol and aqueous extracts of 
the leaves of Z. indica. 
5. Thuja orientalis 
5.1. Earlier Reports 
T. orientalis (Cupressaceac) is an ornamental plant, 1 to 2 m in 
height, found throughout India. T. orientalis is used in Chinese medicinal 
system, due to its anticancer and antihaemorrhagic activities''^'''^. It 
contains bioflavonoids, terpenoids, fatty acids and cytotoxic 
principles '' . The antimicrobial activity of the oil of T. orientalis has 
recently been shown experimentally'^ This prompted us to study the 
antimicrobial activity of the alcohol and aqueous extracts of the leaves of 
T. orientalis. 
Results obtained for antibacterial and antifungal activity of crude 
extracts are shown in Table. I. 
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Table. I. Antibacterial and antifungal activity of crude alcohol and 
aqueous extracts of mentioned plants. 
S.No. 
1. 
2. 
3. 
4. 
5. 
Plant 
Azadirachta 
indica 
Al/Aq (ng/disc) 
100 
200 
500 
Soliva 
anthemifolia 
Al/Aq (i^g/disc) 
100 
200 
500 
Thfolium 
alexandhnum 
Al/Aq (|ig/disc) 
100 
200 
500 
Lindenbergia 
indica 
Al/Aq (|.ig/disc) 
100 
200 
500 
Thuja orientalis 
Al/Aq (|ag/disc) 
100 
200 
500 
Staphylococcus 
aureus 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Microorganisms 
Escherichia 
coli 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Candida 
albicans 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
Aspergillus 
niger 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-, no activity 
Al/Aq, Alcohol/Aqueous 
|ig/disc, concentration of extract 
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DISCUSSION 
In the present study the antibacterial and antifungal activity were 
investigated. Although the observations indicate that the crude extracts 
(alcohol and aqueous) of all the five plants tested did not show any 
activity against all the tested bacteria and fiingi, the negative results are 
reported in the thesis to avoid repetition. There was no inhibitory activity 
against any microorganism. All the plants examined for antimicrobial 
activity didn't have any favourable therapeutic index. 
Among the hundreds of compounds produced, that has inhibitory 
actions on microorganisms, only a relatively small number have a 
favourable therapeutic index. Most antimicrobial drugs used today are 
antibiotics. These substances are produced mainly by microorganisms 
living in the soil where they may play a part in overcoming competing 
species in their natural habitat. Although most antibiotics are too toxic to 
the host tissues to be used as antimicrobial drugs, or are rapidly 
inactivated in the animal body, a large number of therapeutically useful 
agents have been isolated and manufactured recently. Many antibiotics 
will inhibit the growth of a wide range of bacteria and these are called 
broad spectrum antibiotics. 
Besides, these there are major disadvantages of several antibiotics 
like their sensitizing capacity, a significant percentage of general 
population is allergic to antibiotics. The development of resistance by 
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bacteria is another disadvantage. For this reason it is important to search 
some non-allergic and effective natural drugs which is really necessary. It 
has been estimated that several closely related compounds isolated from 
medicinal plants have antimicrobial spectrum. 
Some herbal drugs from medicinal plants have been mentioned in 
Ayurveda for the treatment of various diseases. The interactions between 
these drugs, is highly speculative at the present and further studies are 
needed to find out the possible therapeutic implications of such 
interactions in humans. Hence, modem science in the light of Ayurvedic 
knowledge can provide a much comprehensive study. 
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EXPERIMENTAL 
1. Used microorganisms 
Microorganisms (Table. I) were obtained from the stock culture of 
Immunology Laboratory, Department of Microbiology, J.N.M.C, 
A.M.U., Aligarh, India. 
2. Studied Activity 
(a) Antibacterial activity 
Antibacterial activity of the crude extracts were studied by disc 
diffusion method^^, using Whatmann filter paper No. 1 discs of 5 mm 
diameter, charged with appropriate concentrations of the drugs. The 
alcohol extracts were dissolved in 10-25 % DMSO and then diluted with 
sterilized distilled water. The aqueous extracts were dissolved in 
sterilized distilled water. PDA (potato, 250 g; dextrose, 15 g; agar-agar, 
15 g in 1/ distilled water) and Peptone-NaCl solution containing bacteria 
were spread over the petri-plates and kept for 15-20 minutes to allow 
better diffusion of both the solutions. Then the test discs dipped in the 
solution of crude extracts (alcohol and aqueous) having different 
concentrations were kept on the petri-plates with proper sterilization 
along with standard discs. These were then incubated for 18-24 h at 
37 °C. After 18-24 h of incubation, the petri-plates were examined and 
the diameter of the inhibition zone was measured. 
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(b) Antifungal activity 
Antifungal activity of the crude extracts were studied by disc 
diffusion method^ '^^ ,^ using Whatmann filter paper No. 1 discs of 5 mm 
diameter charged with their appropriate concentrations. The alcohol 
extracts were dissolved in 10-25 % DMSO and then diluted with 
sterilized distilled water. The aqueous extracts were dissolved in 
sterilized distilled water. The plates used for the screening of antifungal 
agents are Sabouraud dextrose agar (High media Oxoid) plates, which 
were incubated at 35 °C for 24 h to insure optimal growth prior to testing. 
The fungi were inoculated from the control plate near the periphery of 
petri-plates carefully. After this the test discs dipped in the solution of 
crude extracts having different concentrations were kept on the petri-
plates with proper sterilization along with standard discs. These petri-
plates were incubated for 24-30 h at 27 °C. After incubation results were 
measured as inhibition zone. 
(c) Minimum Inhibitory Concentration (MIC) 
MIC of the compound is defined as the lowest concentration at 
which there is 80 % inhibition of growth compared with the growth for a 
CO 
drug free control . 
3. Extraction of plant material 
The leaves of Thuja orientalis were collected fi-om the Regional 
Research Institute of Unani Medicine, Aligarh Muslim University, 
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Aligarh. 200 g of T. orientalis was defatted with petroleum ether and 
extracted with 500 ml of ethanol thrice. The combined ethanol extract 
was concentrated in vacuum and the residue was used for testing. The 
aqueous extract was prepared by cold extraction of 200 g of T. orientalis 
in distilled water. The aqueous extract was concentrated in vacuum and 
the residue was used for testing. The plant material prepared for testing 
antifilarial activity of alcohol and aqueous extracts oi Azadirachta indica, 
Soliva anthemifolia, Trifolium alexandrinum and Lindenbergia indica 
(Chapter I, p. 80-81) was also used for antimicrobial study. 
For the screening of antimicrobial activity with the residues 
obtained from ethanol and water extracts, the weighed quantity of alcohol 
extracts were dissolved in 10-25 % DMSO and then diluted with 
sterilized distilled water. The weighed quantity of aqueous extracts was 
dissolved in sterilized distilled water. For further studies the solutions 
were diluted adding more solvents to get the solutions of a particular 
concentration. 
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